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SINUMERIK documentation
The SINUMERIK documentation is organized in the following categories:
® General documentation
® User documentation

o Manufacturer/service documentation

Additional information

You can find information on the following topics at www.siemens.com/motioncontrol/docu:

® Ordering documentation/overview of documentation
e Additional links to download documents
® Using documentation online (find and search in manuals/information)

Please send any questions about the technical documentation (e.g. suggestions for
improvement, corrections) to the following address:

docu.motioncontrol@siemens.com

My Documentation Manager (MDM)

Under the following link you will find information to individually compile OEM-specific
machine documentation based on the Siemens content:

www.siemens.com/mdm

Training
For information about the range of training courses, refer under:
® www.siemens.com/sitrain
SITRAIN - Siemens training for products, systems and solutions in automation technology
® www.siemens.com/sinutrain
SinuTrain - training software for SINUMERIK
FAQs

You can find Frequently Asked Questions in the Service&Support pages under Product
Support. http://support.automation.siemens.com
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SINUMERIK
You can find information on SINUMERIK under the following link:

www.siemens.com/sinumerik

Target group
This publication is intended for:
® Project engineers
® Technologists (from machine manufacturers)
e System startup engineers (Systems/Machines)

® Programmers

Benefits

The function manual describes the functions so that the target group knows them and can
select them. It provides the target group with the information required to implement the
functions.

Standard version

This documentation only describes the functionality of the standard version. Extensions or
changes made by the machine tool manufacturer are documented by the machine tool
manufacturer.

Other functions not described in this documentation might be executable in the control. This
does not, however, represent an obligation to supply such functions with a new control or
when servicing.

Further, for the sake of simplicity, this documentation does not contain all detailed
information about all types of the product and cannot cover every conceivable case of
installation, operation or maintenance.

Technical Support

You will find telephone numbers for other countries for technical support in the Internet under
http://www.siemens.com/automation/service&support
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Information on the structure and contents

Installation

Structure of this Function Manual:

Inner title (page 3) with the title of the Function Manual, the SINUMERIK controls as well
as the software and the version for which this version of the Function Manual is
applicable and the overview of the individual functional descriptions.

Description of the functions in alphabetical order (e.g. A2, A3, B1, etc.)
Appendix with:

— List of abbreviations

— Documentation overview

Index of terms

Note

For detailed descriptions of data and alarms see:

For machine and setting data:

Detailed description of machine data (only electronically on DOConCD or DOConWEB)
For NC/PLC interface signals:

— Function Manual, Basic Functions; NC/PLC Interface Signals (Z1)

— Function Manual, Basic Functions; NC/PLC Interface Signals (Z2)

— Function Manual, Special Functions; NC/PLC Interface Signals (Z3)

For alarms:

Diagnostics Manual

Notation of system data

The following notation is applicable for system data in this documentation:

Signal/Data

Notation Example

NC/PLC interface
signals

... NC/PLC interface signal: When the new gear stage is engaged, the following NC/PLC
interface signals are set by the PLC program:

DB31, ... DBX16.0-2 (actual gear stage A to C)
DB31, ... DBX16.3 (gear is changed)

<signal address> (<signal name>)

Machine data ... machine data: Master spindle is the spindle stored in the machine data:
<Type><Number> <Complete MD20090 $MC_SPIND_DEF_MASTER_SPIND (position of
Designator> (<Meaning>) deletion of the master spindle in the channel)

Setting data ... setting data: The logical master spindle is contained in the setting data:
<Type><Number> <Complete SD42800 $SC_SPIND_ASSIGN_TABIO0] (spindle number
Designator> (<Meaning>) converter)

Basic Functions
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Note

Signal address

The description of functions include as <signal address> of an NC/PLC interface signal, only
the address valid for SINUMERIK 840D sl. The signal address for SINUMERIK 828D should

be taken from the data lists "Signals to/from ..." at the end of the particular description of
functions.

Quantity structure

Explanations concerning the NC/PLC interface are based on the absolute maximum number
of sequential components:

® Mode groups (DB11)
® Channels (DB21, etc.)
® Axes/spindles (DB31, etc.)

Data types
The control provides the following data types that can be used for programming in part
programs:
Type Meaning Range of values
INT Signed integers -2.147.483.648 ... +2.147.483.647
REAL Numbers with decimal point = +5,0"10-324 ... = £1,7*1(0+308
BOOL Boolean values TRUE (*0) , FALSE (0)
CHAR ASCII characters and bytes 0...2550r-128 ... 127
STRING Character string, null-terminated Maximum of 400 characters + /0
(no special characters)
AXIS Axis names All axis names available in the control
system
FRAME Geometrical parameters for moving, rotating, scaling, and | ---
mirroring
Note

Arrays can only be formed from similar elementary data types. Up to 3-dimensional arrays are possible.
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A2: Various NC/PLC interface signals and functions 1

1.1 Brief description

Contents

The PLC/NCK interface comprises a data interface on one side and a function interface on
the other. The data interface contains status and control signals, auxiliary functions and G
functions, while the function interface is used to transfer jobs from the PLC to the NCK.

This Description describes the functionality of interface signals, which are of general
relevance but are not included in the Descriptions of Functions.

® Asynchronous events
e Status signals

e PLC variable (read and write)

1.2 NC/PLC interface signals - only 840D sl

1.2.1 General

NC/PLC interface
The NC/PLC interface comprises the following parts:
® Data interface

® Function interface

Data interface
The data interface is used for component coordination:
® PLC user program
e NC
® HMI (operator control component)
® MCP (machine control panel)

Data exchange is organized by the basic PLC program.

Basic Functions
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1.2 NC/PLC inferface signals - only 840D s/

Cyclic signal exchange

The following interface signals are transferred cyclically, i.e. in the clock grid of the OB1, by
the basic PLC program:

e NC and operator-panel-front-specific signals
® Mode group-specific signals
® Channel-specific signals

® Axis/spindle-specific signals

NC and operator-panel-front-specific signals (DB10)
PLC to NC:
e Signals for influencing the CNC inputs and outputs
e Keyswitch signals (and password)
NC to PLC:
e Actual values of CNC inputs
e Setpoints of CNC outputs
® Ready signals from NC and HMI

e NC status signals (alarm signals)

Channel-specific signals (DB21, ...)
PLC to NC:
e Control signal "Delete distance-to-go"
NC to PLC:

e NC status signals (NCK alarm active)

Axis/spindle-specific signals (DB31, etc.)
PLC to NC:
e Control signals to axis/spindle (e.g. follow-up mode, servo enable, etc.)
e Control signals to drive (bytes 20, 21)
NC to PLC:

e Status signals from axis/spindle (e.g. position controller active, current controller active,
etc.)

e Control signals from drive (bytes 93, 94)

Function interface

The function interface is generated by function blocks (FB) and function calls (FC). Function
requests, e.g. to traverse axes, are sent from the PLC to the NC via the function interface.

Basic Functions
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1.2 NC/PLC inferface signals - only 840D s/

References
® Description of the basic PLC program:
- Function Manual, Basic Functions, Basic PLC Program (P3)
e Description of the event-driven signal exchange (auxiliary and G functions):
- Function Manual, Basic Functions; Auxiliary Function Output to PLC (H2)
e Qverview of all interface signals, functional and data components:
- List Manual 2
1.2.2 Ready signal to PLC

DB10 DBX104.7 (NCK CPU ready)
The NCK CPU is ready and registers itself cyclically with the PLC.

DB10 DBX108.3 (HMI - CPU at OPI ready)
SINUMERIK Operate is ready and registers itself cyclically with the NC.

DB10 DBX108.5 (drives in cyclic operation)

Requirement: For all machine axes of the NC, the associated drives are in the cyclic
operation, i.e. they cyclically exchange PROFIdrive telegrams with the NC.

DB10 DBX108.6 (drive ready)

Requirement: For all machine axes of the NC, the associated drives and also the third-party
drives are ready via PROFIBUS:

DB31, ... DBX93.5 == 1 (drive ready)

DB10 DBX108.7 (NC ready)
The NC is ready.

1.2.3 Status signals to PLC

DB10 DBX103.0 (remote diagnosis active)

The HMI component reports to the PLC that the remote diagnostics (option) is active, i.e.
controlling is done via an external PC.
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1.2 NC/PLC inferface signals - only 840D s/

DB10 DBX109.6 (ambient temperature alarm)

The ambient temperature or fan monitoring function has responded.

DB10 DBX109.7 (NCK battery alarm)

The battery voltage has dropped below the lower limit value. The control can still be
operated. A control system shutdown or failure of the supply voltage will lead to loss of data.

DB10 DBX109.0 (NCK alarm pending)

The NC signals that at least one NC alarm is pending. The channel-specific interface can be
scanned to see which channels are involved and whether this will cause a processing stop.

DB21, ... DBX36.6 (channel-specific NCK alarm pending)

The NC sends this signal to the PLC to indicate that at least one NC alarm is pending for the
relevant channel (see also DB21, ... DBX36.7).

DB21, ... DBX36.7 (NCK alarm with processing stop present)

The NC sends this signal to the PLC to indicate that at least one NCK alarm which has
interrupted or aborted the current program run (processing stop) is pending for the affected
channel.

1.24 Signals to/from the operator panel front

DB19 DBX0.0 (screen bright)

The screen blanking is disabled.

DB19 DBX0.1 (screen dark)
The operator panel screen is darkened.
If the interface signal is used to actively darken the screen:
® |t is no longer possible to switch the screen bright again on the keyboard (see below).

® The first keystroke on the operator panel front already triggers an operator action.

Note

In order to prevent accidental operator actions when the screen is darkened via the
interface signal, we recommend disabling the keyboard at the same time.

DB19 DBX0.1 = 1 AND DB19 DBX0.2 = 1 (key disable)
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1.2 NC/PLC interface signals - only 840D s/

Screen darkening via keyboard/automatic screen saver

If no buttons are pressed on the operator panel front within the assigned time (default = 3
minutes):

MD9006 $SMM_DISPLAY_BLACK_TIME

(time for screen darkening), the screen is automatically darkened.

The screen lights up again the first time a button is pressed following darkening. Pressing a
button to lighten the screen will not generate an operator action.

Parameterization:
DB19 DBX0.1=0
MD9006 $MM_DISPLAY_BLACK_TIME >0

DB19 DBX0.2 (key disable)

All inputs via the connected keyboard are inhibited.

DB19 DBX 0.3 / 0.4 (Delete cancel alarms / Delete recall alarms) (HMI Advanced)

Request to delete all currently pending alarms with Cancel or Recall delete criterion. Deletion
of the alarms is acknowledged via the following interface signals.

e DB19 DBX20.3 (cancel alarm deleted)
e DB19 DBX20.4 (recall alarm deleted)

DB19 DBXO0.7 (actual values in WCS, 0=MCS)
Switching over of actual-value display between machine and workpiece coordinate system:
e DB19 DBXO0.7 = 0: Machine coordinate system (MCS)
e DB19 DBXO0.7 = 1: Workpiece coordinate system (WCS)

DB19 DBB13 (control of the file transfer via hard disk) (HMI Advanced only)

Job byte to control file transfer via hard disk. The jobs relate to the user control file in the
interface signals:

DB19 DBB16 (part program handling: Number of the control file for user file names)
DB19 DBB17 (part program handling: Index of the file to be transmitted from the user list)

DB19 DBB16 (control of file transfer via hard disk) (HMI Advanced only)

Control byte for file transfer via hard disk to define the index for the control file (job list). This
file is handled according to the job in the interface signal:

DB19 DBB13
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1.2 NC/PLC inferface signals - only 840D s/

DB19 DBB17 (part program handling: Index of the file to be transferred from the user list)

Control byte for file transfer via hard disk to indicate the line in the user control file in which
the control file to be transferred is stored

DB19 DBB26 (part program handling: Status)

Status byte for current status of data transfer for "select", "load" or "unload", or if an error
occurred during data transmission.

DB19 DBB27 (error program handling)

Output byte for error values for data transfer via hard disk.

1.25 Signals to channel

DB21, ... DBX6.2 (delete distance-to-go)

The rising edge on the interface signal generates a stop on the programmed path in the
corresponding NC channel with the currently active path acceleration. The path distance-to-
go is then deleted and the block change to the next part-program block is enabled.

1.2.6 Signals to axis/spindle

DB31, ... DBX1.0 (drive test travel enable)

NOTICE

Specifications for the drive test

It is the sole responsibility of the machine manufacturer / system startup engineer to take
suitable action / carry out appropriate tests to ensure that the machine axis can be
traversed during the drive test without putting personnel or machinery at risk.

If machine axes are traversed by special test functions such as "function generator", an
explicit drive-test-specific enable is requested for the motion:

DB31, ... DBX61.0 = 1 (drive test travel request)
The motion is carried out once the motion is enabled:
DB31, ... DBX1.0 == 1 (drive test travel enable)

Basic Functions
38 Function Manual, 03/2013, 6FC5397-0BP40-3BA1



AZ2: Various NC/PLC inferface signals and functions
1.2 NC/PLC interface signals - only 840D s/

DB31, ... DBX1.3 (axis/spindle disable)
Axis disable when machine axis is at rest

No traversing request (manual or automatic) is carried out for a machine axis at rest and
NC/PLC interface signal:

DB31, ... DBX1.3 == 1 (axis/spindle disable)

The traversing request is maintained. If the axis disable is canceled when a traversing
request is pending DB31, ... DBX1.3 = 0 the motion is carried out.

Axis disable when machine axis in motion

When the machine axis is in motion and NC/PLC interface signal DB31, ... DBX1.3 == 1, the
motion of the machine axis is decelerated to a standstill via the axis-specific brake
characteristics currently active or, if it is part of an interpolated path motion or coupling, it is
decelerated on a path or coupling-specific basis.

The motion is continued if the axis disable is canceled by another pending traversing
request: DB31, ... DBX1.3 = 0.

Spindle disable
The response is determined by the current spindle mode:
® Control mode: Speed setpoint =0

® Positioning mode: See above "Axis disable".

DB31, ... DBX1.4 (follow-up mode)
"Follow-up mode" is only effective in conjunction with the NC/PLC interface signal:
DB31, ... DBX2.1 (controller enable)

DB31, ... DBX2.1 |DB31, ... DBX1.4 | Function

1 Ineffective Normal operation (machine axis in closed-loop control
mode)

0 1 Follow-up

0 0 Hold

Function: Follow-up

During follow-up, the setpoint position of the machine axis is continuously corrected to the
actual position (setpoint position = actual position).

The following interface signals have to be set for the follow-up function:
DB31, ... DBX2.1 = 0 (controller enable)

DB31, ... DBX1.4 = 1 (follow-up mode)

Feedback:

DB31, ... DBX61.3 = 1 (follow-up active)
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1.2 NC/PLC inferface signals - only 840D s/

40

Note

When the controller enable is set from follow-up mode, if the part program is active, the last
programmed position is approached again internally in the NC (reposa: Approach along line
on all axes). In all other cases, all subsequent motions start at the actual position.

During "follow-up", clamping or zero-speed monitoring are not active.
Function: Hold

The hold function does not correct the setpoint position of the machine axis to the actual
position. If the machine axis moves away from the setpoint position, a following error
(difference between setpoint and actual position) is generated. This error is corrected
"suddenly" when the controller enable is set by the position controller, without observing the
axial acceleration characteristic.

The following interface signals have to be set for the hold function:
DB31, ... DBX2.1 = 0 (controller enable)

DB31, ... DBX1.4 = 0 (follow-up mode)

Feedback:

DB31, ... DBX61.3 = 0 (follow-up active)

During "hold", clamping or zero-speed monitoring are active.

Note

With the "hold" function, once the controller enable has been set, the setpoint/actual-value
difference is corrected directly by the position controller, i.e. without following the axial
acceleration characteristic.

Application example

Positioning response of machine axis Y following clamping when "controller enable" set.
Clamping pushed the machine axis from the actual position Y1 to the clamping position Yk.

Position setpoint
from IPO

A(“H?—» Position ><_>

controller

Controller
enable canceled

o=

Follow up setpoint

Position actual value

Figure 1-1 Effect of controller enable and follow-up mode
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1.2 NC/PLC inferface signals - only 840D s/

Sequence

N50

IS "Follow-up mode" = 0
Remove IS "Servo enable"
Terminals

Disconnect terminals

Set IS "Servo enable"

arwd~

Position shift resulting from
clamping

i

Return (using position controller) to
pre-clamping position (Y1) when
setting servo enable

Figure 1-2

Trajectory for clamping and "hold"

YA

Sequence

Position shift resulting from
clamping

active
—_— J
50
X

IS "Follow-up mode" = 1
Remove IS "Servo enable"
Terminals

Disconnect terminals

Set IS "Servo enable"

R

Path followed if no part program is active

Trajectory, if, in N50, only X is
programmed and the part program is

Return using REPOSA, if part
program is active in AUTOMATIC
mode

Axis movement generated from
programmed position (Y1)

>
X

Figure 1-3
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1.2 NC/PLC inferface signals - only 840D s/

42

Drives with analog setpoint interface

A drive with an analog setpoint interface is capable of traversing the machine axis with an
external setpoint. If "follow-up mode" is set for the machine axis, the actual position
continues to be acquired. Once follow-up mode has been canceled, referencing is not
required.

The following procedure is recommended:

1.

Activate follow-up mode:

DB31, ... DBX2.1 = 0 (controller enable)

DB31, ... DBX1.4 = 1 (follow-up mode) (in the same or preceding OB1 cycle)
- The axis/spindle is operating in follow-up mode

Deactivate external controller enable and external speed setpoint

- Axis/spindle moves with external setpoint

— NC continues to detect the actual position and corrects the setpoint position to the
actual position

Deactivate external controller enable and cancel external speed setpoint

- Axis/spindle stops

. Canceling follow-up mode

DB31, ... DBX2.1 = 1 (controller enable)
DB31, ... DBX1.4 = 0 (follow-up mode)

- NC synchronizes to actual position. The next traversing motion begins at this position.

Note

"Follow-up mode" does not have to be canceled because it only has an effect in
combination with "controller enable".

Canceling follow-up mode

Once follow-up mode has been canceled, the machine axis does not have to be referenced
again if the maximum permissible encoder limit frequency of the active measuring system
was not exceeded during follow-up mode. If the encoder limit frequency is exceeded, the
controller will detect this:

e DB31, ... DBX60.4 / 60.5 = 0 (referenced/synchronized 1/ 2)

e Alarm: "21610 Encoder frequency exceeded"

Note

If "follow-up mode" is deactivated for a machine axis, which is part of an active
transformation (e.g. TRANSMIT), this can generate motions as part of repositioning
(REPOS) other machine axes involved in the transformation.
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1.2 NC/PLC inferface signals - only 840D s/

Monitoring

If a machine axis is in follow-up mode, the following monitoring mechanisms will not act:
® Zero-speed monitoring

e Clamping monitoring

e Positioning monitoring

Effects on other interface signals:

e DB31, ... DBX60.7 = 0 (position reached with exact stop fine)

e DB31, ... DBX60.6 = 0 (position reached with exact stop coarse)

DB31, ... DBX1.5/1.6 (position measuring system 1/2)

Two measuring systems can be connected to one machine axis, e.g.
e |ndirect motor measuring system
® Direct measuring system on load

Only one measuring system can be active at any one time. All closed-loop control,
positioning operations, etc. involving the machine axis always relate to the active measuring
system.

Position setpoint
from the interpolator

i iset
R il wf —-T—-S;:trfor:lter—s—_’ Enc. 1 > Enc. 2
iact
— Nact
- 3020 O1 LM1
B LM2

1: LM1
2:LM2

3: Parking axis

Figure 1-4  Position measuring systems 1 and 2
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1.2 NC/PLC inferface signals - only 840D s/

The table below shows the functionality of the interface signals in conjunction with the
"controller enable".

DB31, ... DBX1.5 |DB31, ... DBX1.6 |DB31,... DBX2.1 | Function

1 0(or1) 1 Position measuring system 1 active

0 1 1 Position measuring system 2 active

0 0 0 "Parking" active

0 0 1 Spindle without position measuring system (speed-
controlled)

1->0 0->1 1 Switchover: Position measuring system 1 - 2

0->1 1->0 1 Switchover: Position measuring system 2 — 1

DB31, ... DBX2.1 (controller enable)

Setting the controller enable closes the machine axis position control loop. The machine axis
is in position control mode.

DB31, ... DBX2.1 ==

44

Canceling the controller enable opens the machine axis position control loop and, subject to
a delay, the machine axis speed control loop:

DB31, ... DBX2.1 ==

Activation methods

The closed-loop controller enable for a machine axis is influenced by:

NC/PLC interface signal:

— DB31, ... DBX2.1 (controller enable)
— DB31, ... DBX21.7 (pulse enable)

— DB31, ... DBX93.5 (drive ready)

— DB10, DBX56.1 (emergency stop)
NCK-internal

Alarms that trigger cancellation of the controller enable on the machine axes. The alarm
responses are described in:

References:
Diagnostics Manual

Canceling the controller enable when the machine axis is at standstill:

The machine axis position control loop opens
DB31, ... DBX61.5 == 0 (position controller active)
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Basic Functions

1.2 NC/PLC inferface signals - only 840D s/

Canceling the controller enable when the machine axis is in motion:

If a machine axis is part of an interpolatory path motion or coupling and the controller enable
for this is canceled, all axes involved are stopped with a fast stop (speed setpoint = 0) and
an alarm is displayed:

Alarm: "21612 Controller enable reset during motion"

The machine axis is decelerated taking into account the parameterized duration of the
braking ramp for error states with a fast stop (speed setpoint = 0):

MD36610 $SMA_AX_EMERGENCY_STOP_TIME (max. time duration of the braking ramp
in event of errors)

An alarm is displayed:

Alarm: "21612 Controller enable reset during motion"

Note
The controller enable is canceled at the latest when the cutout time expires:
MD36610 $MA_AX_EMERGENCY_STOP_TIME

The machine axis position control loop opens. Feedback via interface signal:
DB31, ... DBX61.5 == 0 (position controller active).

The time for the parameterized cut-off delay of the controller enable is started by the
machine data:

MD36620 $MA_SERVO_DISABLE_DELAY_TIME (OFF delay of the controller enable)

As soon as the actual speed has reached the zero speed range, the drive controller
enable is canceled. Feedback via interface signal:

DB31, ... DBX61.6 == 0 (speed controller active)
The position actual value of the machine axis continues to be acquired by the controller.

At the end of the braking operation, the machine axis is switched to follow-up mode,
regardless of the corresponding NC/PLC interface signal. Zero-speed and clamping
monitoring are not effective. See the description above for the interface signal:

DB31, ... DBX1.4 (follow-up mode).
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1.2 NC/PLC inferface signals - only 840D s/

Synchronizing the actual value (reference point approach)

Once the controller enable has been set, the actual position of the machine axis does not
need to be synchronized again (reference point approach) if the maximum permissible limit
frequency of the measuring system was not exceeded during the time in which the machine

axis was not in position-control mode.

Position controller opened immediately

Axis is moving

MD36060 [STANDSTILL_VELO_TOL

[
Pact
/

Rapid stop
(with open-circuit position control loop)

set

NN

IS "Servo enable"

<M D36610 A)%fEMERGENCY?STOPfTIME

| MD36620 SERVD_DISABLE_DELAY_TIME

IS "Position controller active"

1 | Servo enable to drive

(IS "Speed controller active")

Figure 1-5 Canceling the controller enable when the machine axis is in motion

DB31, ... DBX2.2 (distance-to-go/spindle reset (axis/spindle-specific))

"Delete distance-to-go" is effective in AUTOMATIC and MDA modes only in conjunction with
positioning axes. The positioning axis is decelerated to standstill following the current brake
characteristic. The distance-to-go of the axis is deleted.

Spindle reset

For a detailed description of the spindle reset, see Section "S1: Spindles (Page 1225)".
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1.2 NC/PLC inferface signals - only 840D s/

DB31, ... DBX9.0 /9.1 /9.2 (controller parameter set)

Request for activation of the specified controller parameter set.

Controller parameter set DBX9.2 DBX9.1 DBX9.0
1 0 0 0

O N[O |~ |WIN
Alalala|lO|lO|lO

Ala|lOoO|lO|mn|a O
= (O[O 10O |-

Parameter set changeover must be enabled via the machine data (not required for spindles):
MD35590 $MA_PARAMSET_CHANGE_ENABLE =1 or 2

For detailed information on the parameter set changeover, see Section "Parameter set
selection during gear step change (Page 1275)".

Parameter set changeover when machine axis is in motion

The response to a parameter set changeover depends on the consequential change in the
closed-loop control circuit gain factor Kv:

MD32200 $MA_POSCTRL_GAIN (servo gain factor)
e "[dentical servo gain factors" or "position control not active":

The NC responds immediately to the parameter set changeover. The parameter set is
also changed during the motion.

® "Non-identical servo gain factors" or "position control active":

In order to effect a changeover as smoothly as possible, changeover is not activated until
the axis "is stationary", i.e. once the parameterized zero speed has been reached or
undershot:

DB31, ... DBX61.4 = 1 (axis/spindle stationary)

MD36060 $MA_STANDSTILL_VELO_TOL (threshold velocity/speed 'axis/spindle
stationary")

Parameter set changeover from the part program

For parameter set changeover from the part program, the user (machine manufacturer) must
define corresponding user-specific auxiliary functions and evaluate them in the PLC user
program. The PLC user program will then set the changeover request on the corresponding
parameter set.

For detailed information on the auxiliary function output, see Section "H2: Auxiliary function
outputs to PLC (Page 369)".
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1.2 NC/PLC inferface signals - only 840D s/

DB31, ... DBX9.3 (parameter set specification disabled by NC)

1.2.7

Parameter set changeover request will be ignored.

Signals from axis/spindle

DB31, ... DBX61.0 (drive test travel request)

DB31, ...

DB31, ...

DB31, ...

DB3f1, ...

DB31, ...

DB31, ...

48

If machine axes are traversed by special test functions such as "function generator", an
explicit drive-test-specific enable is requested for the movement:

DB31, ... DBX61.0 == 1 (drive test travel request)
The motion is carried out once the motion is enabled:
DB31, ... DBX1.0 == 1 (drive test travel enable)

DBX61.3 (follow-up active)

The machine axis is in follow-up mode.

DBX61.4 (axis/spindle stationary (n < Nmin)

"Axis/spindle stationary" is set by the NC if:

® No new setpoints are to be output AND

® The actual speed of the machine axis is lower than the parameterized zero speed:
MD36060 $MA_STANDSTILL_VELO_TOL (threshold velocity axis stationary)

DBX61.5 (position controller active)

The machine axis position control loop is closed and position control is active.

DBX61.6 (speed controller active)

The machine axis speed control loop is closed and speed control is active.

DBX61.7 (current controller active)

The machine axis current control loop is closed and current control is active.

DBX69.0/ 69.1 / 69.2 (parameter set servo)

Active parameter set Coding accordingly:
DB31, ... DBX9.0/ 9.1/ 9.2 (controller parameter set selection)
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1.2 NC/PLC inferface signals - only 840D s/

DB31, ... DBX76.0 (lubrication pulse)
Following a control POWER ON/RESET, the signal status is 0 (FALSE).

The "lubrication pulse" is inverted (edge change), as soon as the machine axis has covered
the parameterized traversing distance for lubrication:

MD33050 $MA_LUBRICATION_DIST (distance for lubrication by PLC)

1.2.8 Signals to axis/spindle (digital drives)

DB31, ... DBX21.0/21.1/ 21.2 (parameter set selection A, B, C)

Request to change over drive parameter set:

DBX 21.2 DBX 21.1 DBX21.0 Parameter set number

A la|lalm~lO|lO|lO|O
Al OO~ |~ |O|O
-~ | O|~|O|~|O|~|O
O IN|O[ |~ |W N~

The feedback signal is sent via the interface signals:
DB31, ... DBX93.0,1 / 93.2 (active drive parameter set)

DB31, ... DBX21.3 / 21.4 (Motor selection A, B)

Selection of motor/operating mode.

DBX 21.4 DBX 21.3 Motor number Mode
0 0 1 1
0 1 2 2
1 0 3 3
1 1 4 4

Only operating modes 1 and 2 are valid on main spindle drive:
® Operating modes 1: Star

® Operating modes 2: Delta
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1.2 NC/PLC inferface signals - only 840D s/

DB31, ... DBX21.5 (Motor selection done)

The PLC user program sends this signal to the drive to indicate successful motor selection.
The pulses are then enabled by the drive.

DB31, ... DBX21.6 (integrator disable, n-controller)

The PLC user program inhibits the integrator of the speed controller for the drive. The speed
controller is thus switched from PI to P controller.

Note

If the speed controller integrator disable is activated, compensations might take place in
certain applications (e.g. if the integrator was already holding a load while stationary).

Feedback via the interface signal:
DB31, ... DBX93.6 = 1 (integrator n-controller disabled)

DB31, ... DBX21.7 (pulse enable)

The pulse enable for the drive module is only requested if all enable signals (hardware and
software) are pending:

e Trigger equipment enable
e Controller and pulse enable
® Pulse enable (safe operating stop)
e Stored hardware input
e Setpoint enable
e "Ready to run state"
— No drive alarm (DClink1 error)
— DC link connected
— Ramp-up completed

See also:
DB31, ... DBX93.7 (pulses enabled)
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1.2 NC/PLC inferface signals - only 840D s/

1.2.9 Signals from axis/spindle (digital drives)

DB31, ... DBX92.1 (ramp-function generator disable active)

The drive signals back to the PLC that ramp-function-generator fast stop is active. The drive
is thus brought to a standstill without the ramp function (with speed setpoint 0).

DB31, ... DBX93.0, 1, 2 (active drive parameter set A, B, C)

The drive module sends this checkback signal to the PLC to indicate which drive parameter
set is currently active. With bit combination A, B, C, eight different drive parameter sets can
be selected by the PLC.

DB31, ... DBX93.3, 4 (active motor A, B)

The drive module (MSD) sends this checkback to the PLC to indicate which of the four motor
types or motor operating modes is active.

The following selections can be made on the main spindle drive:
e Star mode (A=0, B=0)
® Delta mode (A=1, B=0)

DB31, ... DBX93.5 (DRIVE ready)

Checkback signal indicating that the drive is ready. The conditions required for traversing the
axis/spindle are fulfilled.

DB31, ... DBX93.6 (integrator n-controller disabled)

The speed-controller integrator is disabled. The speed controller has thus been switched
from Pl to P controller.

DB31, ... DBX93.7 (pulses enabled)

The pulse enable for the drive module is available. The axis/spindle can now be traversed.

DB31, ... DBX94.0 (motor temperature prewarning)

The temperature of the motor is higher than the set motor temperature warning threshold
(drive parameter p0604).

See also note below for "DB31, ... DBX94.1 (heat sink temperature prewarning)".
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1.2 NC/PLC inferface signals - only 840D s/

DB31, ... DBX94.1 (heat sink temperature prewarning)

The temperature of the heat sink in the power unit is outside the permissible range. If the
overtemperature remains, the drive switches itself off after approx. 20 s.

Note
Temperature prewarning DB31, ... DBX94.0 and DBX94.1

The interface signals are derived from the following signals of the cyclic drive telegram:
e Case 1: Temperature warning in the message word

— DB31, ... DBX94.0 = MELDW, bit 6 (no motor overtemperature warning)

— DB31, ... DBX94.1 = MELDW, bit 7 (no thermal overload in power unit warning)

e Case 2: Warning of warning class B (only in interface mode "SIMODRIVE 611U", p2038
= ’])
DB31, ... DBX94.0 == 1 and DBX94.1 == 1, if the following applies:
Cyclic drive telegram, status word 1 (ZSW1), bits 11/12 == 2 (warning class B)

The interface signals are derived from the warning of warning class B if there is no specific
information from the message word.

An alarm is displayed. Alarm number = 200.000 + alarm value (r2124)
For a detailed description of the motor temperature monitoring setting, see:

References:

e S120 Commissioning Manual, Section "Commissioning" > "Temperature sensors for
SINAMICS components"

e S120 Function Manual, Section "Monitoring and protective functions"
e S120 List Manual
— MELDW, bit 6 2 BO: r2135.14 - function diagram: 2548, 8016
— MELDW, bit 7 2 BO: r2135.15 - function diagram: 2548, 2452, 2456, 8016

DB31, ... DBX94.2 (run-up completed)

The actual speed value is within the parameterized tolerance band again after changing the
speed setpoint. The run-up procedure is now completed.

Any subsequent speed fluctuations, also outside the tolerance band, e.g. due to load
changes, will not affect the interface signal.

DB31, ... DBX94.3 (IMy| < Max)

52

The absolute value of the current torque |M4] is less than the parameterized threshold torque
Max (torque threshold value 2, p2194).

The threshold torque is set as a percentage [%] of the current speed-dependent torque
limitation.

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1



AZ2: Various NC/PLC inferface signals and functions

1.3 Functions

DB31, ... DBX94.4 (|nact| < Nmin)

The actual speed value nact is less than nmin (speed threshold value 3, p2161).

DB31, ... DBX94.5 (N < Ny)

The actual speed value nact is less than nx (speed threshold value 2, p2155).

DB31, ... DBX94.6 (Nact = Nset)

The actual speed value is within the tolerance band (p2163) surrounding the speed setpoint.

DB31, ... DBX95.7 (warning of warning class C is pending)

The drive signals that a warning of warning class C is pending.

1.3 Functions

1.3.1 Screen settings

Contrast, monitor type, foreground language and display resolution to take effect after
system startup can be set in the operator panel front machine data.

Contrast
MD9000 $MM_LCD_CONTRAST (contrast)
For slimline operator panel fronts with a monochrome LCD, the contrast to be applied
following system startup can be set.
There are 16 different contrast settings (0: dark, 15: light).
Monitor type

MD9001 $MM_DISPLAY_TYPE (monitor type)

The relevant monitor type must be specified for optimum color matching.
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Foreground language
MD9003 $MM_FIRST_LANGUAGE (foreground language)

In the case of SINUMERIK 840D sl, two languages are available simultaneously. The
foreground language can be used to set the language to be displayed following control ramp-

up.
The language can be changed in the DIAGNOSTICS operating area on the HMI user
interface. Once the control has ramped up, the foreground language will be restored.

Display resolution
MD9004 $MM_DISPLAY_RESOLUTION (display resolution)

The number of places after the decimal point for the position display of the axes is defined in
the display resolution. The position display consists of max. 12 characters including sign and
decimal point. The number of digits after the decimal point can be set to between 0 and 5.

The default setting for the number of digits after the decimal point is 3, corresponding to a
display resolution of 10-3 [mm] or [degrees].

REFRESH suppression
MD10131 $MN_SUPPRESS_SCREEN_REFRESH (screen refresh in case of overload)

Default setting for screen-refresh strategy with high NC utilization:
e Value 0: Refresh of current values is suppressed in all channels.
e Value 1: Refresh of current values is suppressed in time-critical channels.

e Value 2: Refresh of current values is never suppressed.
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1.3.2 Settings for involute interpolation - only 840D sl

Introduction

The involute of the circle is a curve traced out from the end point on a "piece of string"
unwinding from the curve. Involute interpolation allows trajectories along an involute.

Base circle center (X0 Y

0)
Start point

AN
NE\UX

ase circle

End point

Figure 1-6  Involute (unwound from base circle)

Programming
A general description of how to program involute interpolation can be found in:

References:
Programming Manual, Fundamentals

In addition to the programmed parameters, machine data is relevant in two instances of
involute interpolation; this data may need to be set by the machine manufacturer / end user.
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Accuracy
If the programmed end point does not lie exactly on the involute defined by the starting point,
interpolation takes place between the two involutes defined by the starting and end points

(see illustration below).
The maximum deviation of the end point is determined by the machine data:

MD21015 $MC_INVOLUTE_RADIUS_DELTA (end point monitoring for involute)

Start point

an

J

Base circle

End point

Max. deviation

Figure 1-7 MD21015 specifies the max. permissible deviation
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Limit angle

If AR is used to program an involute leading to the base circle with an angle of rotation that is
greater than the maximum possible value, an alarm is output and program execution
aborted.

AR max.

N/

Start point

Figure 1-8  Limited angle of rotation towards base circle

The alarm display can be suppressed using the following parameter settings:

MD21016 $MC_INVOLUTE_AUTO_ANGLE_LIMIT = TRUE (automatic angle limitation for
involute interpolation)

The programmed angle of rotation is then also limited automatically and the interpolated path
ends at the point at which the involute meets the base circle. This, for example, makes it
easier to program an involute which starts at a point outside the base circle and ends directly
on it.

Tool radius compensation

2 1/2 D tool radius compensation is the only tool radius compensation function permitted for
involutes. If 3D tool radius compensation is active (both circumferential and face milling),
when an involute is programmed, machining is interrupted with alarm 10782.

With 2 1/2 D tool radius compensation, the plane of the involute must lie in the compensation
plane. or else alarm 10781 will be generated. It is however permissible to program an
additional helical component for an involute in the compensation plane.
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1.3 Functions

Dynamic response

1.3.3

GUD start values

1.3.4

Involutes that begin or end on the base circle have an infinite curvature at this point. To
ensure that the velocity is adequately limited at this point when tool radius compensation is
active, without reducing it too far at other points, the "Velocity limitation profile" function must
be activated:

MD28530 $MC_MM_PATH_VELO_SEGMENTS > 1 (number of memory elements for
limiting the path velocity)

A setting of 5 is recommended. This setting need not be made if only involute sections are
used which have radii of curvature that change over a relatively small area.

Activate DEFAULT memory - only 840D sl

The DEF... / REDEF... NC commands can be used to assign default settings to global user
data (GUD). To make these default values available at the parameterized initialization time,
e.g. with the attribute 1n1rO, after power on, they must be saved permanently in the system.
The required memory space must be enabled using the following machine data:

MD18150 $MM_GUD_VALUES_MEM (non-volatile memory space for GUD values)
References:
Function Manual, Extended Functions; S7: "Memory Configuration”

Programming Manual, Job Planning

Read and write PLC variable - only 840D sl

High-speed data channel

For high-speed exchange of information between the PLC and NC, a memory area is
reserved in the communications buffer on these modules (dual-port RAM). Variables of any
type (1/0, DB, DW, flags) may be exchanged within this memory area.

The PLC accesses this memory using 'Function Calls' (FC) while the NC uses system
variables.

Organization of memory area

58

The user's programming engineer (NC and PLC) is responsible for organizing (structuring)
this memory area.

Every storage position in the memory can be addressed provided that the limit is selected
according to the appropriate data format (i.e. a DWORD for a 4-byte limit, a WORD for a 2-
byte limit, etc.).

The memory is accessed via the data type and the position offset within the memory area.
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Access from NC

System variables are available in the NC for fast access to PLC variables from a part
program or synchronized action. The data is read/written directly by the NC. The data type
results from the identifier of the system variables. The position within the memory area is
specified as index in bytes.

System variable Data type Range of values
$A_DBBI[<index>] Byte (8 bits) 0<=x<=255
$A_DBWI[<index>] Word (16 bits) -32768 <= x <= 32767
$A_DBD[<index>] Double word (32 bits) -2147483648 <= x <= 2147483647
$A_DBR[<index>] Floating point (32 bits) 1(1.5-10745 <= x <= 3.4-1038)

Access from PLC

The PLC uses function calls (FC) to access the memory. The data is read and written
immediately in the DPR with the FC and not just at the beginning of the PLC cycle. Data type
and position in the memory area are transferred as parameters to the FC.

NC: $A_DBD[4] 0 PLC: CALL FC 21

Offset (0x04) Offset (0x04)

4095

Figure 1-9  Communications buffer (DPR) for NC/PLC communication

Supplementary conditions

® The structuring of the DPR memory area is the sole responsibility of the user. No checks
are made for matching configuration.

® A total of 4096 bytes are available in the input and output directions.

® Single-bit operations are not supported and must be linked back to byte operations by the
user.

® Since the contents of variables are manipulated directly in the communications buffer, the
user must remember that intermediate changes in values occur as a result of multiple
access operations where a variable is evaluated several times or when variables are
linked (i.e. it may be necessary to store values temporarily in local variables or R
parameters or to set up a semaphore).
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1.3 Functions

The user's programming engineer is responsible for coordinating access operations to the

communications buffer from different channels.

Data consistency can be guaranteed onl
word). The user is solely responsible for

y for access operations up to 16 bits (byte and
ensuring consistent transmission of 32-bit

variables (double and real). A simple semaphore mechanism is available in the PLC for

this purpose.

The PLC stores data in 'Little Endian' format in the DPR.

Values transferred with $A_DBR are subject to data conversion and hence to loss of

accuracy. The data format for floating-point numbers is DOUBLE (64 bits) in the NC, but
only FLOAT (32 bits) in the PLC. The format used for storage in the dual-port RAM is
FLOAT. Conversion takes place respectively before/after storage in the dual-port RAM.

If a read/write access is made from the NC to a variable in the dual-port RAM, the
conversion is performed twice. It is impossible to prevent differences between read and
written values because the data is stored in both formats.

Example

Bypassing the problem by means of comparison on "EPSILON" (minor deviation)

Program code

N10 DEF REAL DBR

N12 DEF REAL EPSILON = 0.00001
N20 SA DBR[0]=145.145

N30 G4 F2

N40 STOPRE

N50 DBR=$A DBR[0]

N6 O IF ( ABS(DBR/145.145-1.0)
N70 MSG ( "error" )

N80 MO

N9oO END:

N99 M30

Activation

< EPSILON ) GOTOF ENDE

The maximum number of simultaneously writable output variables is adjustable via:
MD28150 $MC_MM_NUM_VDIVAR_ELEMENTS (number of elements for writing PLC

variables)
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Example
A variable of type WORD is to be transferred from the PLC to the NC.

The position offset within the NC input (PLC output area) should be the fourth byte. The
position offset must be a whole-number multiple of the data width.

Writing from PLC:

Program code Comment
CALL FC21 (
Enable :=M10.0, ; if TRUE, then FC21 active

Funct :=B#16#4,

S7Var :=P#M 104.0 WORD1,
IVAR1 :=04,

IVAR2 :=-1,

Error :=M10.1,

ErrCode :=MW12) ;

)

Reading in part program

Program code Comment

PLCDATA = $A DBW[4]; ; Read a word

Behavior during POWER ON, block search
The DPR communications buffer is initialized during "POWER ON".

During a "block search", the PLC variable outputs are collected and transferred to the DPR
communications buffer with the approach block (analogous to writing of analog and digital
outputs).

Other status transitions have no effect in this respect.

References

A detailed description of the data exchange by the PLC with FC 21 can be found in:
SINUMERIK 840D sl: Section "FC 21: transfer PLC NCK data exchange (Page 1011)"
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1.3 Functions

1.3.5

Access authorization

Access protection via password and keyswitch

Access to functions, programs and data is useroriented and controlled via 8 hierarchical
protection levels. These are subdivided into:

e Password levels for Siemens, machine manufacturer and end user

e Keyswitch positions for end user

Multi-level security concept

A multi-level security concept to regulate access rights is available in the form of password

levels and keyswitch settings.

Protection level Type User Access to (examples)
0 Password Siemens All functions, programs and
data
1 Password Machine manufacturer: defined functions, programs
Development and data;
for example: entering options
2 Password Machine manufacturer: defined functions, programs
Startup engineer and data;
for example: Bulk of machine
data
3 Password End user: Service Assigned functions,
programs and data
4 Keyswitch position 3 End user: Programmer, less than the protection level
machine setter 0 to 3; established by the
machine manufacturer or
end user
5 Keyswitch position 2 End user: Skilled operator less than the protection level
without programming 0 to 3; established by the
knowledge end user
6 Keyswitch position 1 End user: Trained operator Example:
without programming Program selection only, tool
knowledge wear entry, and work offset
entry
7 Keyswitch position 0 End user: Semi-skilled Example:
operator no inputs and program
selection possible,
only machine control panel
operable
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Access features

1.3 Functions

® Protection level 0 provides the greatest number of access rights, protection level 7 the
least.

e |f certain access rights are granted to a protection level, these protection rights
automatically apply to any higher protection levels.

e Conversely, protection rights for a certain protection level can only be altered from a
higher protection level.

® Access rights for protection levels 0 to 3 are permanently assigned by Siemens and
cannot be altered (default).

® Access rights can be set by querying the current keyswitch positions and comparing the
passwords entered. When a password is entered it overwrites the access rights of the
keyswitch position.

e Options can be protected on each protection level. However, option data can only be
entered in protection levels 0 and 1.

® Access rights for protection levels 4 to 7 are only suggestions and can be altered by the
machine tool manufacturer or end user.

1.3.5.1 Password

Set password

Delete password

Basic Functions

The password for a protection level (0 — 3) is entered via the HMI user interface.
Example:

DIAGNOSTIC operating area, softkey: SET PASSWORD

References:

Commissioning Manual SINUMERIK 840D sl base software and HMI sl

Access rights assigned by means of setting a password remain effective until they are
explicitly revoked by deleting the password.

Example:

DIAGNOSTIC operating area, softkey: DELETE PASSWORD

References:

Commissioning Manual SINUMERIK 840D sl base software and HMI sl

Note

Access rights and password status (set/deleted) are not affected by POWER OFF/ON!
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Maximum number of characters

A password may contain up to eight characters. We recommend that you confine yourself to
the characters available on the operator panel front when defining the password. Where a
password consists of less than eight characters, the additional characters are interpreted as
blanks.

Defaults
The following default passwords are defined for protection levels 1 to 3:
® Protection level 1: SUNRISE
® Protection level 2: EVENING
® Protection level 3: CUSTOMER

Note

Following NC-CPU ramp-up in commissioning mode (NCK commissioning switch:
position 1) the passwords for protection levels 1 — 3 are reset to the default settings. For
reasons of data protection, we strongly recommend that you change the default settings.

1.3.5.2 Keyswitch positions (DB10, DBX56.4 to 7)

Key switch

The keyswitch has four positions, to which protection levels 4 to 7 are assigned. The
keyswitch comprises a number of keys in a variety of colors which can be set to different
switch positions.

[ Switch position | [ Retractionpos. | | DB10,DBB56 | | Protection level
Position 0 @ i Bit 4 .
i Oor1
Position 1 @ black key Bit 5 6
" Oortor2
Position 2 @ green key Bit 6 5
Oor1or2
Position 3 or3 Bit 7 4
red key

Figure 1-10  Switch positions 0 to 3
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Switch positions

1.3 Functions

Switch position 0 has the most restricted access rights. Switch position 3 has the least
restricted access rights.

DB10, DBX56.4 /.5 /.6 /.7 (switch positions 0/1/2/ 3)

Machine-specific enables for access to programs, data and functions can be assigned to the
switch positions. For detailed information, please refer to:

References

® CNC Commissioning Manual: NCK, PLC, Drives, Fundamentals,
Section: Basics on the protection levels

® Commissioning Manual SINUMERIK Operate (IM9); General Settings,
Section: Access levels

Default settings via the PLC user program

The keyswitch positions are transferred to the NC/PLC interface via the basic PLC program.
The corresponding interface signals can be modified via the PLC user program. In this
context, from the point of view of the NC, only one switch position should ever be active, i.e.
the corresponding interface signal set to 1. If, from the point of view of the NC, a number of
switch positions are active at the same time, switch position 3, i.e. the keyswitch position
with the least restricted access rights, will be activated internally by the NC.

1.3.5.3 Parameterizable protection levels

Parameterizable protection level

Default values

Basic Functions

The parameter level can be freely parameterized for a variety of functions and data areas.
The protection level is set via operator-panel machine data, designated as follows:
SMM_USER_CLASS_<Function_DataArea>

Examples:
$MM_USER_CLASS READ TOA Read tool offsets
$MM_USER_CLASS_WRITE_TOA Write tool offsets

$SMM_USER_CLASS_READ_PROGRAM Read part programs
$MM_USER_CLASS_WRITE_PROGRAM Write/edit part programs

On delivery or following standard commissioning, with very few exceptions, the default value
for the protection level will be set to 7, i.e. the lowest protection level.
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1.3.6 "Parking" of a machine axis

In the "Parking" state, a machine axis can be moved mechanically or maintenance
performed (e.g. encoder replacement), without triggering an alarm. For this purpose, the
axis-specific NC/PLC interface signals for the active position measuring system and the
controller enable of the machine axis must be reset:

e DB31, ... DBX1.5/.6 = 0 (position measuring system 1/2)
e DB31, ... DBX2.1 = 0 (controller enable)

The encoder status of the active measuring system of the axis is then displayed as "Not
referenced™:

e DB31, ... DBX60.4/.5 == 0 (referenced/synchronized, encoder 1/2)

Canceling "Parking"
The "Parking" state is canceled by setting the NC/PLC interface signals:
e DB31, ... DBX1.5/.6 = 1 (position measuring system 1/2)
e DB31, ... DBX2.1 = 1 (controller enable)
The position control of the machine axis then becomes active again at the current position.
The encoder state of the measuring system depends on the measuring system type:
® Incremental measuring system: "Not referenced" state
DB31, ... DBX60.4/.5 == 0 (referenced/synchronized, encoder 1/2)
® Absolute measuring system: "Referenced" state
DB31, ... DBX60.4/.5 == 1 (referenced/synchronized, encoder 1/2)
Incremental measuring systems: Encoder state "Referenced"

To reach the encoder state "Referenced", incremental measuring systems must be re-
referenced.

AWARN ING

Incorrect synchronization of the measuring system caused by displacement of the actual
machine axis position

If changes have been made on the measuring system during parking that require a change
of the parameterized machine data, e.g. mounting of another encoder, the measuring

system must be completely remeasured and referenced (see Section "R1: Referencing
(Page 1173)").
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1.3 Functions

1.3.7 Switchover of motor/drive data sets
1.3.71 General Information
Behavior as of SW 4.5 SP1

Up to and including SW 4.5, the format of the interfaces for the motor and drive data set
switchover in the NC/PLC interface was fixed.

As of SW 4.5 SP1, the quantity structure of the programmable motor data sets and drive
data sets per motor data set and therefore the rigid assignment of the signals to the motor
and drive data set switchover in the NC/PLC interface signals has become more flexible.

Motor and drive data sets

For optimum adaptation to the particular machining situation or because of different machine
configurations, it may be necessary that several different data sets are available in a drive for
motors, drive parameters and encoders. The creation of the basic data sets of the drive
objects is performed during startup with the aid of the "Drive wizard".

Note
References

Commissioning Manual: CNC: NCK, PLC, Drive, Section "Commissioning NC-controlled
drives"

The following duplication and management of the data sets is performed via the user
interface:

SINUMERIK Operate: Operating area "Start-up" > "Drive system" > "Drives" > "Data sets"

The activation of the motor data set (MDS) or drive data set (DDS) required for a machine
axis in a specific machining situation, must be made from the PLC user program via the
interfaces described below.

Axial NC/PLC interface

The interfaces in the axial NC/PLC interface for switching the motor and drive data sets is
divided into three areas:

® Validity and format of the request/display interfaces (Page 68)

® Request for a new motor data set and/or drive data set (Page 68)

e Display of the active motor and/or drive data set (Page 69)

Basic Functions
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1.3 Functions

1.3.7.2 Validity and format of the request/display interfaces

Validity

As soon as the control has received all the required information from the drive and has been
evaluated by the NC, the request and display interfaces are shown as valid:

DB31, ... DBX130.7 == 1 (interface is valid)

If no or incompatible information is transferred from the drive, the request and display
interfaces remain invalid.

Note

With invalid request and display interfaces, it is the sole responsibility of the user / machine
manufacturer to perform a data set switchover via the request and display interfaces.

Format

The current format of the interfaces, i.e. which of the five bits of the request and display
interfaces are used for the addressing of the motor data set and which for the drive data set,
depends on the number of motor and drive data sets in the drive. The format is specified via:

DB31, ... DBX130.0-4, with bit x = <value>

<value> | Meaning

0 Bit position for motor data set switchover (MDS) or invalid bit position
1 Bit position for drive data set switchover (DDS)

See also
Example (Page 69)
Overview of the interfaces (Page 70)
1.3.7.3 Request for a new motor data set and/or drive data set

The request to activate a specific motor and drive data set is performed via:
DB31, ... DBX21.0 - .4 = <MDS/DDS index>

Range of values

The addressing of a data set is performed via the index i, withi =0, 1, 2, ...

Data set Range of values, index i
MDSJi] 0<i<32
DDSJi] 0<i<32
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68 Function Manual, 03/2013, 6FC5397-0BP40-3BA1




AZ2: Various NC/PLC inferface signals and functions
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Formatting

The formatting of the interface, i.e. which bits are available for the motor data set index and
which for the drive data set index is displayed via:

DB31, ... DBX130.0 - .4 (see Section "Validity and format of the request/display interfaces
(Page 68)")

Specific number of data sets

The specific number of motor and drive data sets available in the motor can be determined
via the following drive parameters:

® p0130 (number of motor data sets)
e p0180 (number drive data sets)

1.3.74 Display of the active motor and/or drive data set

Display of the active motor and/or drive data set
The index of an active data set can be read via:
DB31, ... DBX93.0 - 4

Value range and formatting are identical to the request interface. See Section "Request for a
new motor data set and/or drive data set (Page 68)"

1.3.75 Example

Two motor data sets (MDS) and two drive data sets (DDS) are available in the drive. This
corresponds to "No.": 9 of the possible data set combinations displayed in Figure 1-11
Motor/drive data set switchover (Page 70).

Format

Bit positions for drive data set switchover (DDS):
e DB31, .. DBX130.0 ==

Bit positions for motor data set switchover (MDS):
e DB31, .. DBX130.1 ==

Invalid bit positions:

e DB31, .. DBX130.2 ==

e DB31, .. DBX130.3 ==

e DB31, .. DBX130.4 ==

Interfaces of the drive data sets (DDS)
Relevant bit positions of the request and display interfaces:
e DB31, .. DBX21.0 / DBX93.0

- DB31, ... DBX21.0 / DBX93.0 == 0 = 1st drive data set DDS|[0]
- DB31, ... DBX21.0 / DBX93.0 == 1 = 2nd drive data set DDS[1])
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See also

1.3.7.6

70

Interfaces of

the motor data sets (MDS)

Relevant bit positions of the request and display interfaces:
e DB31, .. DBX21.1 / DBX93.1

- DB31,
- DB31,

... DBX21.1 / DBX93.1 == 0 = 1st motor data set MDS|0]
... DBX21.1 / DBX93.1 == 1 = 2nd motor data set MDSJ[1])

Invalid bit positions (MDS/DDS)
Invalid bit positions of the request and display interfaces:
e DB31, .. DBX21.1/DBX93.2
e DB31, .. DBX21.1/DBX93.3
e DB31, .. DBX21.1/DBX93.4

Overview of the interfaces (Page 70)

Overview of the interfaces

DDS per MDS DB31, ... DB31, ...
MDS DBX21.x / 93.x DBX130.x

Nr. 4 3210 4 3 210

1 1 1 0/0/0]|0]0

2| 2 1 0/0|0]|0|0

3 s 1 0/0|0]|0|0

4 1 4 1 0/0|0]0|0

8 1 2 0/0[0]|0]|1

912 2 0/0/0/0[1 Supported combination

Relevant bit position regarding:
14 1 4 ololol1[1 Motor data set (MDS)
Drive data set (DDS)
Invalid bit position

191 1 8 0/0[1]1][1

20| 2 8 0/0[1]1][1

21| 3 8 0/0[1]1][1

22| 4 8 0j0[1]1]1

23| 1 16 Oj1[1]1][1

241 2 | 16 Ol1[1]1][1

25 1 | 32 1(1[1]1[1
MDS Number of motor data sets
DDS per MDS Number of drive data sets per motor data set
DB31, ... DBX21.x Request interface of the data sets to be activated
DB31, ... DBX93.x Display interface of the active data sets
DB31, ... DBX130.x Interface for displaying the formatting of the request and display interfaces
Figure 1-11  Motor/drive data set switchover
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1.3.7.7 Supplementary conditions

Variable number of drive data sets for the "last” motor data set
The "last" motor data set is the motor data set with the highest number or index.

Generally, the same number of drive data sets is created for each motor data set (number of
"DDS per MDS") in the drive. Only the "last" motor data set can differ from this; any number
(a) of drive data sets can be parameterized:

1 < a < (number of "DDS per MDS")

Example

Four motor data sets (MDS) and eight drive data sets (DDS) per motor data set (DDS per
MDS) are to be parameterized. This corresponds to "No.": 22 of the possible data set
combinations displayed in Figure 1-11 Motor/drive data set switchover (Page 70):

® Motor data sets: MDS[ 0 ], MDS[ 1], ... MDSJ[ 3 ] ("last" motor data set)
® Drive data sets per motor data set: DDS[0] ... DDS[ 7]

The number of drive data sets for the individual motor data sets is therefore:

Motor data set Number of drive data sets per motor data set
MDS[0] ... MDS[ 2] 8 DDS
MDS[ 3 ] 1-8DDS
See also
Overview of the interfaces (Page 70)
1.4 Examples

Parameter set changeover

A parameter-set changeover is performed to change the position-control gain (servo gain
factor) for machine axis X1 from v = 4.0 to Kv = 0.5.

Preconditions
The parameter set changeover must be enabled by the machine data:

MD35590 $MA_PARAMSET_CHANGE_ENABLE [AX1] = 1 or 2 (parameter set change
possible)

The 1st parameter set for machine axis X1 is set, in accordance with machine data with
index "0" NC/PLC interface:

DB31, ... DBX9.0 - DBX9.2 = 0 (controller parameter set)
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1.4 Examples

Parameter-set-dependent machine data

Parameter-set-dependent machine data are set as follows:

Machine data

Comment

MD32200 $MA_POSCTRL_GAIN [0, AX1] = 4.0

Servo gain setting for parameter set 1

MD32200 $MA_POSCTRL_GAIN [1, AX1] = 2.0

Servo gain setting for parameter set 2

MD32200 $MA_POSCTRL_GAIN [2, AX1] = 1.0

Servo gain setting for parameter set 3

MD32200 $MA_POSCTRL_GAIN [3, AX1] = 0.5

Servo gain setting for parameter set 4

MD32200 $MA_POSCTRL_GAIN [4, AX1] = 0.25

Servo gain setting for parameter set 5

MD32200 $MA_POSCTRL_GAIN [5, AX1] = 0.125

Servo gain setting for parameter set 6

MD31050 $MA_DRIVE_AX_RATIO_DENOM [0, AX1] = 3

Denominator load gearbox for parameter set 1

MD31050 $MA_DRIVE_AX_RATIO_DENOM [1, AX1] = 3

Denominator load gearbox for parameter set 2

MD31050 $MA_DRIVE_AX_RATIO_DENOM [2, AX1] = 3

Denominator load gearbox for parameter set 3

MD31050 $MA_DRIVE_AX_RATIO_DENOM [3, AX1] =3

Denominator load gearbox for parameter set 4

MD31050 $MA_DRIVE_AX_RATIO_DENOM [4, AX1] = 3

Denominator load gearbox for parameter set 5

MD31050 $MA_DRIVE_AX_RATIO_DENOM [5, AX1] = 3

Denominator load gearbox for parameter set 6

MD31060 $MA_DRIVE_AX_RATIO_NUMERA [0, AX1] =5

Counter load gearbox for parameter set 1

MD31060 $MA_DRIVE_AX_RATIO_NUMERA [1, AX1] =5

Counter load gearbox for parameter set 2

MD31060 $MA_DRIVE_AX_RATIO_NUMERA [2, AX1] =5

Counter load gearbox for parameter set 3

MD31060 $MA_DRIVE_AX_RATIO_NUMERA [3, AX1] =5

Counter load gearbox for parameter set 4

MD31060 $MA_DRIVE_AX_RATIO_NUMERA [4, AX1] =5

Counter load gearbox for parameter set 5

MD31060 $MA_DRIVE_AX_RATIO_NUMERA [5, AX1] = 5

Counter load gearbox for parameter set 6

MD35130 $MA_AX_VELO_LIMIT [0...5, AX1]

Setting for each parameter set*)

MD32800 $MA_EQUIV_CURRCTRL_TIME [0..5, AX1]

Setting for each parameter set*)

MD32810 $MA_EQUIV_SPEEDCTRL_TIME [0..5, AX1]

Setting for each parameter set*)

MD32910 $MA_DYN_MATCH_TIME [0...5, AX1]

Setting for each parameter set*)

*) The appropriate line must be specified separately for each parameter set according to the applicable syntax rules.

In order to switch over the position-control gain, the PLC user program selects the 4th

DB31, ... DBX9.0 — DBX9.2 = 3 (parameter set servo)

— Arequest to change over to the 4th parameter set is sent for machine axis AX1.

— The parameter set is changed over once a delay has elapsed.

— Parameter set 4 is now active, in accordance with machine data with index "3"

DB31, ... DBX69.0 — DBX69.2 = 3 (parameter set servo)

— The NC confirms/acknowledges the parameter-set changeover.

Changeover
parameter set for machine axis X1.
® Request by PLC user program:
® Feedback by NC:
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1.5 Data lists

1.5 Data lists
1.5.1 Machine data
1.5.1.1 Display machine data
Number Identifier: $MM_ Description
SINUMERIK Operate
9000 LCD_CONTRAST Contrast
9001 DISPLAY_TYPE Monitor type
9004 DISPLAY_RESOLUTION Display resolution
1.5.1.2 NC-specific machine data

Number Identifier;: SMN_

Description

10350 FASTIO_DIG_NUM_INPUTS

Number of active digital NCK input bytes

10360 FASTIO_DIG_NUM_OUTPUTS

Number of active digital NCK output bytes

10361 FASTIO_DIG_SHORT_CIRCUIT

Short-circuit digital inputs and outputs

11120 LUD_EXTENDED_SCOPE

Activate programglobal variables (PUD)

11270 DEFAULT_VALUES_MEM_MSK

Activ.
Function: Save DEFAULT values of GUD.

18150 MM_GUD_VALUES_MEM

Reserve memory space for GUD

1.5.1.3 Channelspecific machine data

Number Identifier: $MC_ Description
21015 INVOLUTE_RADIUS_DELTA NC start disable without reference point
21016 INVOLUTE_AUTO_ANGLE_LIMIT Automatic angle limitation for involute interpolation

27800 TECHNOLOGY_MODE

Technology in channel

28150 MM_NUM_VDIVAR_ELEMENTS

Number of write elements for PLC variables

28530 MM_PATH_VELO_SEGMENTS

Number of storage elements for limiting path velocity
in block
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Function Manual, 03/2013, 6FC5397-0BP40-3BA1

73



AZ2: Various NC/PLC inferface signals and functions

1.5 Data lists
1.5.1.4 Axis/spindlespecific machine data
Number Identifier: SMA_ Description

30350 SIMU_AX_VDI_OUTPUT Output of axis signals for simulation axes
33050 LUBRICATION_DIST Lubrication pulse distance

35590 PARAMSET_CHANGE_ENABLE Parameter set definition possible from PLC
36060 STANDSTILL_VELO_TOL Maximum velocity/speed when axis/spindle stationary
36610 AX_EMERGENCY_STOP_TIME Length of the braking ramp for error states
36620 SERVO_DISABLE_DELAY_TIME Cutout delay servo enable

1.5.2 System variables

Names Description

$P_FUMB Unassigned part program memory (Free User Memory Buffer)
$A_DBBIn] Data on PLC (data type BYTE)

$A_DBWI[n] Data on PLC (WORD type data)

$A_DBDIn] Data on PLC (DWORD type data)

$A_DBR[n] Data on PLC (REAL type data)

1.6.3 Signals

1.5.3.1 Signals to NC
_Signal name SINUMERIK 840D sl SINUMERIK 828D
Keyswitch setting 0 to 3 DB10.DBX56.4-7 DB2600.DBX0.4-7
1.5.3.2 Signals from NC

Signal name SINUMERIK 840D sl SINUMERIK 828D

Remote diagnostics active (HMI alarm is pending)

DB10.DBX103.0 -

AT box ready

DB10.DBX103.5 -

HMI temperature limit

DB10.DBX103.6 -

HMI battery alarm

DB10.DBX103.7 -

NCK--Ready

DB10.DBX104.7 -

HMI2-CPU-Ready E_MMC2 Ready

DB10.DBX108.1 -

HMI CPU1 Ready (HMI to MPI)

DB10.DBX108.2 -
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1.5 Data lists

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

HMI1-CPU at OPI Ready

DB10.DBX108.3

DB2700.DBX2.3

Drives in cyclic operation

DB10.DBX108.5

DB2700.DBX2.5

Drives ready

DB10.DBX108.6

DB2700.DBX2.6

NC Ready

DB10.DBX108.7

DB2700.DBX2.7

NCK alarm is active

DB10.DBX109.0

DB2700.DBX3.0

NCU heat sink temperature alarm

DB10.DBX109.5

Air temperature alarm

DB10.DBX109.6

DB2700.DBX3.6

NCK battery alarm

DB10.DBX109.7

1.5.3.3 Signals to operator panel front

Signal name SINUMERIK 840D sl SINUMERIK 828D
Screen bright DB19.DBX0.0 -

Screen dark DB19.DBX0.1 -

Key disable DB19.DBX0.2 DB1900.DBX5000.2
Delete Cancel alarms (HMI Advanced only) DB19.DBX0.3 -

Delete Recall alarms (HMI Advanced only) DB19.DBX0.4 -

Actual value in WCS DB19.DBX0.7 DB1900.DBX5000.7

Unload part program

DB19.DBX13.5

Load part program

DB19.DBX13.6

Part program selection

DB19.DBX13.7

DB1700.DBX1000.7

File system active/passive

DB19.DBX14.7

Part program handling: Number of the control data

DB19.DBX16.7

DB1700.DBX1001.7 ==

Mode change disable

DB19.DBX44.0

1.5.34 Signals from operator panel front

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

Screen is dark

DB19.DBX20.1

Switch over MCS/WCS

DB19.DBX20.7

DB1900.DBX0.7

Error (Part program handling status)

DB19.DBX26.0

DB1700.DBX2000.2

OK (Part program handling status)

DB19.DBX26.1

DB1700.DBX2000.1

Active (Part program handling status)

DB19.DBX26.3

DB1700.DBX2000.3

Unload (Part program handling status)

DB19.DBX26.5

DB1700.DBX2000.5

Load (Part program handling status)

DB19.DBX26.6

DB1700.DBX2000.6

Select (Part program handling status)

DB19.DBX26.7

DB1700.DBX2000.7

FC9: Start measuring in Jog

DB19.DBX42.0

FC9 Out: Active

DB19.DBX45.0
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Signal name

SINUMERIK 840D sl

SINUMERIK 828D

FC9 Out: Done

DB19.DBX45.1

FC9 Out: Error

DB19.DBX45.2

FC9 Out: StartErr

DB19.DBX45.3

1.5.3.5 Signals to channel

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

Delete distancetogo (channelspecific)

DB21, ... .DBX6.2

DB3200.DBX6.2

1.5.3.6 Signals from channel

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

Channelspecific NCK alarm is active

DB21, ... .DBX36.6

DB3300.DBX4.6

NCK alarm with processing stop present

DB21, ... .DBX36.7

DB3300.DBX4.7

Overstore active

DB21, ... .DBX318.7

1.5.3.7 Signals to axis/spindle
Signal name SINUMERIK 840D sl SINUMERIK 828D
Axis/spindle disable DB31, ... .DBX1.3 DB380x.DBX1.3

Follow-up mode

DB31, ... .DBX1.4

DB380x.DBX1.4

Position measuring system 1

DB31, ... .DBX1.5

DB380x.DBX1.5

Position measuring system 2

DB31, ... .DBX1.6

DB380x.DBX1.6

Controller enable

DB31, ... .DBX2.1

DB380x.DBX2.1

Delete distance-to-go (axis-specific) / spindle reset

DB31, ... .DBX2.2

DB380x.DBX2.2

Motor/drive data set: Selection

DB31, ... .DBX21.0-4

DB380x.DBX4001.0-4

Motor being selected

DB31, ... .DBX21.5

Speed controller integrator disable

DB31, ... .DBX21.6

DB380x.DBX4001.6

Pulse enable DB31, ... .DBX21.7 DB380x.DBX4001.7
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1.5 Data lists
1.5.3.8 Signals from axis/spindle
Signal name SINUMERIK 840D sl SINUMERIK 828D
Referenced/synchronized, encoder 1/2 DB31, ... .DBX60.4/5 DB390x.DBX0.4/5
Traversing command minus/plus DB31, ... .DBX64.6/7 DB390x.DBX4.6/7
Follow up active DB31, ... .DBX61.3 DB390x.DBX1.3
Axis/spindle stationary (n < Nmin) DB31, ... .DBX61.4 DB390x.DBX1.4
Position controller active DB31, ... .DBX61.5 DB390x.DBX1.5
Speed controller active DB31, ... .DBX61.6 DB390x.DBX1.6
Current controller active DB31, ... .DBX61.7 DB390x.DBX1.7
Lubrication pulse DB31, ... .DBX76.0 DB390x.DBX1002.0
Active motor/drive data set DB31, ... .DBX93.0-4 DB390x.DBX4001.0-4
Drive ready DB31, ... .DBX93.5 DB390x.DBX4001.5
Speed controller integrator disabled DB31, ... .DBX93.6 DB390x.DBX4001.6
Pulses enabled DB31, ... .DBX93.7 DB390x.DBX4001.7
Motor temperature prewarning DB31, ... .DBX94.0 DB390x.DBX4002.0
Heat sink temperature prewarning DB31, ... .DBX94.1 DB390x.DBX4002.1
Run-up completed DB31, ... .DBX94.2 DB390x.DBX4002.2
|[Ma| < Max DB31, ... .DBX94.3 DB390x.DBX4002.3
[Nact] < Nmin DB31, ... .DBX94.4 DB390x.DBX4002.4
[Nact| < Nx DB31, ... .DBX94.5 DB390x.DBX4002.5
Nact = Nset DB31, ... .DBX94.6 DB390x.DBX4002.6
Motor/drive data set interface: Formatting DB31, ... .DBX130.0-4 DB390x.DBX4008.0-4
Motor/drive data set interface: Valid DB31, ... DBX130.7 DB390x.DBX4008.7
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2.1

211

21.2

Basic Functions

Brief description

Axis monitoring functions

Comprehensive monitoring functions are present in the controller for protection of people
and machines:

® Contour monitoring

® Positioning monitoring

® Zero-speed monitoring

® Clamping monitoring

® Speed-setpoint monitoring

® Actual-velocity monitoring

® Measuring system monitoring
® Limit-switch monitoring

® Monitoring of the working area limitation

Protection zones

With the help of protection zones, elements of the machine (e.g. spindle chuck, tool changer,
toolholder, tailstock, movable probe, etc.) and the workpiece can be protected against
collisions.

During automatic execution of part programs in the AUTOMATIC or MDA mode, the NC
checks at the start of every part program block whether a collision between protection zones
can occur upon moving along the programmed path.

After manual deactivation of an active protection zone, traversing can be performed in this
zone. After leaving the protection zone, the protection zone automatically becomes active
again.

The definition, activation and deactivation of protection zones takes place via part program
instructions.
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2.2 Axis moniforing functions

2.2 Axis monitoring functions
2.21 Contour monitoring
2211 Contour error

Contour errors are caused by signal distortions in the position control loop.

Signal distortions can be linear or non-linear.

Linear signal distortions
Linear signal distortions are caused by:
® Speed and position controller not being set optimally
e Different servo gain factors of the feed axes involved in creating the path

With the same servo gain factor for two linear-interpolated axes, the actual position
follows the set position along the same path but with a time delay. With different servo
gain factors, a parallel offset arises between the set and actual path.

® Unequal dynamic response of the feed drives

Unequal drive dynamic responses lead to path deviations especially on contour changes.
Circles are distorted into ellipses by unequal dynamic responses of the two feed drives.

Non-linear signal distortions
Non-linear signal distortions are caused by:
® Activation of the current limitation within the machining area
® Activation of the limitation of the speed setpoint
® Backlash within and/or outside the position control loop

When traversing a circular path, contour errors occur primarily due to the reversal error
and friction.

During motion along straight lines, a contour error arises due to a reversal error outside
the position control loop, e.g. due to a tilting milling spindle. This causes a parallel offset
between the actual and the set contour. The shallower the gradient of the straight line,
the larger the offset.

® Nonlinear friction behavior of slide guides

Basic Functions
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221.2

Function

Basic Functions

2.2 Axis monitoring functions

Following-error monitoring

In control engineering terms, traversing along a machine axis always produces a certain
following error, i.e. a difference between the set and actual position.

The following error that arises depends on:
® Position control loop gain
MD32200 $MA_POSCTRL_GAIN (servo gain factor)
® Maximum acceleration
MD32300 $MA_MAX_AX_ACCEL (maximum axis acceleration)
® Maximum velocity
MD32000 $MA_MAX_AX_VELO (maximum axis velocity)
e \With activated feedforward control:
Precision of the path model and the parameters:
MD32610 $MA_VELO_FFW_WEIGHT (factor for the velocity feedforward control)

MD32800 $MA_EQUIV_CURRCTRL_TIME (equivalent time constant current control loop
for feedforward control)

MD32810 $MA_EQUIV_SPEEDCTRL_TIME (equivalent time constant speed control loop
for feedforward control)

In the acceleration phase, the following error initially increases when traversing along a
machine axis. After a time depending on the parameterization of the position control loop,
the following error then remains constant in the ideal case. Due to external influences, more
or less large fluctuations in the following error always arise during a machining process. To
prevent these fluctuations in the following error from triggering an alarm, a tolerance range
within which the following error may change must be defined for the following-error
monitoring:

MD36400 $MA_CONTOUR_TOL (Contour monitoring tolerance range)
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2.2 Axis moniforing functions

Following error
A

Tolerance band

ds First cut x

Measured

following error MD36400 $MA_ CONTOUR_TOL

Calculated following error
(model)

- / Begin

Following-error monitoring

The following-error monitoring only operates with active position control and the following

® |inear axes with and without feedforward control

® Rotary axes with and without feedforward control

If the configured tolerance limit is exceeded, the following alarm appears:
25050 "Axis <Axis name> Contour monitoring"
The affected axis/spindle is stopped via the configured braking ramp in follow-up mode:

MD36610 $SMA_AX_EMERGENCY_STOP_TIME
(maximum time for braking ramp when an error occurs)

Basic Functions

Figure 2-1
Effectiveness

axis types:

® Position-controlled spindles
Fault
82
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2.2 Axis monitoring functions

222 Positioning, zero speed and clamping monitoring
2221 Correlation between positioning, zero-speed and clamping monitoring
Overview

The following overview shows the correlation between the positioning, zero speed and
clamping monitoring functions:

Vors
A —  Effective tolerance
for standstill and clamping
monitoring
Actual value
4,—|— DB31, ... DBX2.3 (clamping in progress)
| |
| |
N Y \ — — —MD36050 $MA_CLAMP_POS_TOL
Setpoint
N ) b MD36030 $MA_STANDSTILL_POS_TOL
————————————————— MD36000 $MA_STOP_LIMIT_COARSE
|
|
|—m =l - - e TS0 —— - - - — — - MD36010 $MA_STOP_LIMIT_FINE
|
| |
; 1 | A -
MD36040 | I | 1Exact stop fine signal o t
$MA_STANDSTILL | e | >
_DELAY_TIME ‘ |Exact stop coarse signal
| -
I
- MD36020 $MA_POSITIONING_TIME o
2222 Positioning monitoring
Function

At the end of a positioning operation:
e Set velocity = 0 AND
e DB31, ... DBX64.6/7 (motion command minus/plus) = 0

checks the position monitoring to ensure that the following error of every participating
machine axis is smaller than the exact-stop fine tolerance during the delay time.

Basic Functions
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2.2 Axis moniforing functions

MD36010 $MA_STOP_LIMIT_FINE (exact stop fine)
MD36020 $MA_POSITIONING_TIME (delay time exact stop fine)

After reaching "Exact stop fine", the position monitoring is deactivated.

Note

The smaller the exact stop fine tolerance is, the longer the positioning operation takes and
the longer the time until block change.

Rules for MD setting

MD36010 $MA_STOP_LIMIT_FINE MD36020 $MA_POSITIONING_TIME
Large Can be selected relatively short
Small Must be selected relatively long
MD32200 $MA_POSCTRL_GAIN MD36020 $MA_POSITIONING_TIME
(servo gain factor)

Small Must be selected relatively long
Large Can be selected relatively short

Effectiveness

Fault

84

The position monitoring only operates with active position control and the following axis
types:

® Linear axes
® Rotary axes

® Position-controlled spindles

If the configured position-monitoring time is exceeded, the following alarm appears:
25080 "Axis <Axis name> Position monitoring"
The affected axis is stopped via the configured braking ramp in follow-up mode:

MD36610 $SMA_AX_EMERGENCY_STOP_TIME
(maximum time for braking ramp when an error occurs)

Basic Functions
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2223

Function

Effectiveness

Fault

2224

Basic Functions

2.2 Axis monitoring functions

Zero-speed monitoring

At the end of a positioning operation:
e Set velocity = 0 AND
e DB31, ... DBX64.6/7 (motion command minus/plus) = 0

checks the zero-speed monitoring to ensure that the following error of every participating
machine axis is smaller than the standstill tolerance during the delay time.

MD36040 $MA_STANDSTILL_DELAY_TIME (zero-speed monitoring delay time)
MD36030 $MA_STANDSTILL_POS_TOL (standstill tolerance)

After reaching the required exact-stop state, the positioning operation is completed:
DB31, ... DBX60.6/7 (position reached with exact stop coarseffine) = 1

The position-monitoring function is deactivated and is replaced by the zero-speed
monitoring.

Zero-speed monitoring monitors the adherence to the standstill tolerance. If no new travel
request is received, the machine axis must not depart from the standstill tolerance.

The zero-speed monitoring only operates with active position control and the following axis
types:

® Linear axes
® Rotary axes

® Position-controlled spindles

If the delay time and/or the standstill tolerance is exceeded, the following alarm appears:
25040 "Axis <Axis name> Zero-speed monitoring"
The affected axis is stopped via the configured braking ramp in follow-up mode:

MD36610 $MA_AX_EMERGENCY_STOP_TIME
(maximum time for braking ramp when an error occurs)

Parameter set-dependent exact stop and standstill tolerance

For adaptation to different machining situations and/or axis dynamics, e.g.:

Operating state A: High precision, long machining time

Operating state B: Lower precision, shorter machining time

Changing of the mass relationships after gear change
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2.2 Axis moniforing functions

2225

Function

Activation

Fault

the positioning tolerances:

e MD36000 $SMA_STOP_LIMIT_COARSE (exact stop coarse)

e MD36010 $MA_STOP_LIMIT_FINE (exact stop fine)

e MD36030 $MA_STANDSTILL_POS_TOL (standstill tolerance)

can be weighted with a common factor depending on the parameter set:

MD36012 $MA_STOP_LIMIT_FACTOR (exact stop coarse/fine and standstill factor)

Because the factor applies in common for all three position tolerances, the relationship
between the values remains constant.

Clamping monitoring

For machine axes that are mechanically clamped upon completion of a positioning operation,
larger motions can result from the clamping process (> standstill tolerance). As a result,
zero-speed monitoring is replaced by clamping monitoring during the clamping process.

Clamping monitoring monitors the adherence to the configured clamping tolerance:
MD36050 $MA_CLAMP_POS_TOL (clamping tolerance)

The clamping monitoring is activated by the following interface signal:

DB31, ... DBX2.3 (clamping in progress)

Note

The clamping monitoring is not active in "follow-up mode" (DB31, ... DBX1.4 = 1).

If the clamping tolerance is exceeded, the following alarm appears:
26000 "Clamping monitoring"
The affected axis is stopped via the configured braking ramp in follow-up mode:

MD36610 $MA_AX_EMERGENCY_STOP_TIME
(maximum time for braking ramp when an error occurs)

Automatic stop to release the clamping

86

If a clamped axis must be traversed again in continuous-path mode, the NC stops the path
motion for Look Ahead at the start of the motion block of the clamped axis until the clamped
axis can once again be traversed. If the clamping is released before stopping, the path
motion is not stopped.

Basic Functions
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Parameterization:
MD36052 $MA_STOP_ON_CLAMPING = 'HO1' (special function for clamped axis)

Note

The NC detects whether an axis is clamped based on the "servo enable" state of the axis:
DB31, ... DBX2.2 = 0: No servo enable = axis is clamped

DB31, ... DBX2.2 = 1: Servo enable > axis is not clamped

Requirements for the PLC user program
® The axis is always removed from the clamp when a travel command is pending.
e The following is always valid for the axis:

DB31, ... DBX2.2 (servo enable) = 0: Axis is clamped.

DB31, ... DBX2.2 (servo enable) = 1: Axis is not clamped.

The following figure shows an example of the interface signals and states upon releasing of
the axis clamp:

Release axis clamp if
MD36052 $MA_STOP_ON_CLAMPING]...] = 'HO?1’

Travel request

Clamp axis

Axis clamping pressure

| Feed stop

| Controller enable

Path velocity

N310 N410
GO0 Z50 GO0 A90 ; turn rotary table through 90 degrees

Y

t [ms]

Figure 2-2  Release axis clamp if MD36052 $MA_STOP_ON_CLAMPING = 'HO1'

Basic Functions
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2.2 Axis moniforing functions

The part program blocks N310 and N410 refer to the following programming example:

Program code Comment

N100 GO X0 YO Z0 A0 G90 G54 F500

N101 G641 ADIS=.1 ADISPOS=5

N210 Gl X10 ; Machining
N220 Gl X5 Y20

N310 GO0 Z50 ; Retraction
N410 GO A90 ; Turn rotary table
N510 GO X100 ; Approach
N520 GO Z2

N610 Gl Z-4 ; Machining
N620 Gl X0 Y-20

Optimized release of the axis clamping via travel command

If a clamped axis is to be traversed in continuous-path mode, a travel command is issued for
the clamped axis in the rapid traverse blocks (G0) immediately before the traversing block of
the clamped axis. This way, the PLC user program can release the axis clamp again in time.

Note

The travel command is set a maximum of two rapid traverse blocks prior (including
intermediate blocks) to retain the reference to the initiating part program block.

Parameterization:

MD36052 $MA_STOP_ON_CLAMPING = 'H03' (special function for clamped axis)
Requirements for the PLC user program

® The axis is removed from the clamp as soon as a travel command is pending.

® The axis may be removed from the clamping even when only positioning is being
performed (GO).

The following figure shows an example of the interface signals and states upon releasing of
the axis clamp:

Basic Functions
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Release axis clamp if
MD36052 $MA_STOP_ON_CLAMPING...] = 'H03’

Travel request

Clamp axis

Axis clamping pressure

| Feed stop

| Controller enable

\/Path velocity

0 _ _ _ _ _ _ _ _ _ _ o_ o_o_o_o_o__o__
N220 N310 ‘ N410
G1X10 GO0 Z50 ; retraction GO0 A90 ; Turn rotary table

\

t [ms]

Figure 2-3  Release axis clamp if MD36052 $MA_STOP_ON_CLAMPING = 'H03'

Automatic stop to set the clamping

If an axis is to be clamped in continuous-path mode, the NC stops the path motion before the
next "Non-rapid traverse block" if the axis has not been clamped by then, i.e. the PLC has
set the feedrate override value to zero.

Parameterization:

MD36052 $MA_STOP_ON_CLAMPING = 'H04' (special function for clamped axis)
Requirements for the PLC user program

® The axis is always clamped when no travel command is pending.

® The axis does not have to be clamped during positioning of the other axes.

It can be seen whether the axes are being positioned depending on whether rapid
traverse (co) is programmed.

The stop command is therefore not set immediately at the beginning of the block
containing the axis, but at the beginning of the next machining block (traversing block that
is not traversed with rapid traverse).

Basic Functions
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® The axis is clamped if the feedrate override of a machining block is not equal to 0.

If the axis is clamped before the next machining block, i.e. the feedrate override is other
than 0 again, no stop is generated.

The following figure shows an example of the interface signals and states upon setting of the
axis clamp. The part program blocks N410, N510, N520 and N610 refer to the schematic
example under supplementary conditions.

Set axis clamp if
MD36052 $MA_STOP_ON_CLAMPING]...] = 'H04'

Travel request

Clamp axis

Axis clamping pressure

Feed stop

Controller enable

100 %
Feedrate override
o _ _ _ _- - 000 _ _ _ _ _ ______
\/ \/ \ Path velocity
0 _ _ _ _'_ _ _ _ _ _ . _ __ 2o
N410 N510 N520 N610
GO0 A90 ; Turn GO0 X100 ; Approach GO0 Z2 ; Approach G1 Z-4 ; Machine
rotary
table

\J

t [ms]

Figure 2-4  Set axis clamp if MD36052 $MA_STOP_ON_CLAMPING = 'H04'

Basic Functions
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2.2 Axis monitoring functions

Supplementary conditions

Basic Functions

Continuous-path mode

For the above-mentioned functions:

e Automatic stop to release the clamping

® Optimized release of the axis clamping via travel command
e Automatic stop to set the clamping

the "Look Ahead" function must be active.

Part program blocks without path motion (e.g. M82/M83) interrupt continuous-path mode and
thus also the "Look Ahead" function.

Example:

The part program blocks N320 and N420 are inserted in the programming example used.

Program code Comment

N100 GO X0 YO Z0O A0 G90 G54 F500

N101 G641 ADIS=.1 ADISPOS=5

N210 Gl X10 ; Machining

N220 Gl X5 Y20

N310 GO Z50 ; Retraction
N320 M82 ; No path motion
N410 GO A90 ; Turn rotary table
N420 M83 ; No path motion
N510 GO0 X100 ; Approach

N520 GO Zz2

N610 Gl z-4 ; Machining

N620 Gl X0 Y-20

The function behaves as follows:
e MD36052 $MA_STOP_ON_CLAMPING ='HO03'
No longer has an effect.

The travel command is set in Look Ahead mode only for blocks with active continuous-
path mode. M82 generates a stop and thus interrupts the continuous-path mode. The
Look Ahead stopping on N410 would not be necessary because stopping occurs anyway.
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2.2 Axis moniforing functions

* MD36052 $MA_STOP_ON_CLAMPING = 'H04'

Generates a stop irrespective of M83 which is executed as a function of "feedrate
override 0%". The axis is thus stopped before the first machining block.

Note
MD36052 $MA_STOP_ON_CLAMPING ='HO01' or 'H04"'

Both functions can be used irrespective of the clamping of axes:
e MD36052 $MA_STOP_ON_CLAMPING ="'HO1"'

Generates a Look Ahead stop for the path motion if no servo enable signal is active
for the relevant axis.

e MD36052 $MA_STOP_ON_CLAMPING = 'H04'
Generates a Look Ahead stop for the path motion if the feedrate override = 0% at the
transition from the part program blocks with rapid traverse to part program blocks
without rapid traverse.

Both functions ensure that the path motion in continuous-path mode is already stopped
before the start of the relevant part program block and not just within the part program
block.

Block change criterion: Clamping tolerance

After activation of clamp monitoring:(DB31, ... DBX2.3 = 1), the block change criterion for
traversing blocks in which the axis stops at the end of the block no longer acts as the
corresponding exact-stop condition, but the configured clamping tolerance:

MD36050 $MA_CLAMP_POS_TOL (clamping tolerance with interface signal "Clamping
active")

Behavior upon releasing of the clamp

92

If the axis was moved by the clamping process, it is returned by the NC to the position
setpoint after releasing of the clamp and setting of the servo enable state. Repositioning
depends on whether "Follow-up mode" was activated for the axis:

e Without follow-up mode: Repositioning by position controller

e With follow-up mode: Repositioning by interpolator

See also interface signal DB31, ... DBX1.4 (follow-up mode).

Note

The following interface signals can be evaluated by the PLC user program as the criterion for
activation of the "Follow-up mode":

DB31, ... DBX60.6 / 7 (position reached with exact stop coarse / fine)

Basic Functions
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223 Speed-setpoint monitoring

Function
The speed setpoint comprises:
® Speed setpoint of the position controller
® Speed setpoint portion of the feedforward control (with active feedforward control only)

e Dift compensation (only for drives with analog setpoint interface)

Drift value
Feedforward control value (applies only to analog drives)
+ To speed
—» KV —> » controller
Following ),
error Speed-
setpoint
Position controller monitoring

Figure 2-5  Speed setpoint calculation

The speed-setpoint monitoring ensures by limiting the control or output signal (10 V for
analog setpoint interface or rated speed for digital drives) that the physical limitations of the
drives are not exceeded:

MD36210 $MA_CTRLOUT_LIMIT (maximum speed setpoint)

Speed setpoint [%]

MD36220 $MA_CTRLOUT_LIMIT[n]
100% | = = - - c — e m oo IR T

E.g. — - — - — - — - — - = =
80% (for test mode)

Y

Figure 2-6  Speed setpoint limitation

Basic Functions
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2.2 Axis moniforing functions

Speed-setpoint monitoring delay

Effectiveness

Fault

224

Function

94

To prevent an error reaction from occurring in every speed-limitation instance, a delay time
can be configured:

MD36220 $MA_CTRLOUT_LIMIT_TIME (speed-setpoint monitoring delay)

Only if the speed limitation is required for longer than the configured time does the
corresponding error reaction occur.

The speed-setpoint monitoring is only active for closed-loop position-controlled axes and
cannot be deactivated.

If the configured delay time is exceeded, the following alarm appears:
25060 "Axis <Axis name> Speed-setpoint limitation"
The affected axis is stopped via the configured braking ramp in follow-up mode:

MD36610 $SMA_AX_EMERGENCY_STOP_TIME
(maximum time for braking ramp when an error occurs)

Note

Upon reaching the speed-setpoint monitoring, the position feedback loop of the axis
becomes non-linear due to the limitation. Contour errors result if the axis is involved in
generating the contour.

Actual-velocity monitoring

The actual-velocity monitoring checks that the actual velocity of a machine axis/spindle does
not exceed the configured threshold:

MD36200 $MA_AX_VELO_LIMIT (velocity-monitoring threshold)
The threshold should be 10-15% above the configured maximum velocity.
® For axes:
MD32000 $MA_MAX_AX_VELO (maximum axis velocity)
® For spindles:
MD35110 $MA_GEAR_STEP_MAX_VELO_LIMIT[n] (maximum speed of gear stage)

If you use this setting the speed will not normally exceed the velocity-monitoring threshold
(exception: Drive error).

Basic Functions
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Activation

Effectiveness

Fault

2.2.5

2.2 Axis monitoring functions

The actual-velocity monitoring is activated as soon as the active measuring system returns
valid actual values (encoder limit frequency not exceeded).

The actual-velocity monitoring only operates with active position control and the following
axis types:

® |Linear axes
® Rotary axes

® Open-loop-controlled and position-controlled spindles

If the threshold is exceeded, the following alarm is displayed:
25030 "Axis <Axis name> Actual-velocity alarm limit"
The affected axis is stopped via the configured braking ramp in follow-up mode:

MD36610 $MA_AX_EMERGENCY_STOP_TIME
(maximum time for braking ramp when an error occurs)

Measuring system monitoring

The NC has no direct access to the measuring system hardware, therefore measuring
system monitoring is mainly performed by the drive software.

Monitoring functions in the drive

Basic Functions

® Monitoring of hardware faults (e.g. measuring system failure, wire breakage)
® Zero-mark monitoring

References:
Drive Functions SINAMICS S120

Measuring system monitoring functions carried out in the drive are mapped on the NCK
alarms (alarm 25000 and following) or NC reactions (e.g. abort of referencing or on-the-fly
measuring). The exact behavior of the NC depends on the setting in the machine data:

MD36310 $MA_ENC_ZERO_MONITORING
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Value Meaning
= Monitoring of HW faults: ON
If a hardware fault is detected in the active measuring system,
POWER ON alarm 25000 is displayed:
"Axis <Axis name> Hardware fault active encoder"
The affected axis is stopped via the configured braking ramp in
follow-up mode:
MD36610 $MA_AX_EMERGENCY_STOP_TIME (maximum time
for braking ramp when a fault occurs)
If a hardware fault is detected in the passive measuring system,
alarm 25001 is displayed:
"Axis <Axis name> Hardware fault passive encoder"
There is no further alarm response.
Zero-mark monitoring: OFF
Alarms 25020 and 25021 (see below) are suppressed.
=100 No zero-mark monitoring as well as hiding of all encoder monitoring functions (i.e. in addition to alarm
25020 (25021)), alarms 25000 (25001) and 25010 (25011) are suppressed.
>0 but <100 Monitoring of HW faults: ON (see above)
Zero-mark monitoring: ON
If zero-mark monitoring is tripped in the active measuring system,
alarm 25020 is displayed:
"Axis <Axis name> Zero-mark monitoring active encoder"
The affected axis is stopped via the configured braking ramp in
follow-up mode:
MD36610 $MA_AX_EMERGENCY_STOP_TIME (maximum time
for braking ramp when a fault occurs)
If zero-mark monitoring is tripped in the passive measuring
system, alarm 25021 is displayed:
"Axis <Axis name> Zero-mark monitoring passive encoder"
There is no further alarm response.
>100 Monitoring of HW faults: ON with attenuated error message:

The POWER ON alarm 25000 is replaced by the reset alarm
25010 and the reset alarm 25001 replaced by the cancel alarm
25011.

Zero-mark monitoring:

ON (see above)

96

For details on the alarms, see:

References:
Diagnostics Manual

Note

For hardware faults, the referencing status of the machine axis is reset:
DB31, ... DBX60.4/5 (referenced/synchronized 1/2) = 0

Basic Functions
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2.2 Axis monitoring functions

Monitoring functions in the NCK

2.25.1

Function

Effectiveness

Fault

Basic Functions

® Encoder-limit-frequency monitoring

® Plausibility check for absolute encoders

Encoder-limit-frequency monitoring

The NC encoder-limit-frequency monitoring is based on the configuration and telegram
information of the drive. It monitors that the encoder frequency does not exceed the
configured encoder limit frequency:

MD36300 $MA_ENC_FREQ_LIMIT (encoder limit frequency)

Encoder-limit-frequency monitoring always refers to the active measuring system selected in
the NC/PLC interface:

DB31, ... DBX1.5/1.6 (position measuring system 1/2)

The encoder limit frequency is operative for:
® Linear axes
® Rotary axes

® Open-loop-controlled and position-controlled spindles

Upon exceeding of the encoder limit frequency, the following occurs:
® Message to the PLC:

DB31, ... DBX60.2 or 60.3 = 1 (encoder limit frequency exceeded 1 or 2)
e Spindles

Spindles are not stopped but continue to turn with speed control.

If the spindle speed is reduced so much that the encoder frequency passes below the
encoder limit frequency, the actual value system of the spindle is automatically
resynchronized.

® Axes
The following alarm is displayed:

21610 "Channel <Channel number> Axis <Axis name> Encoder <Encoder number >
Frequency exceeded"
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2.25.2

Function

98

The affected axis is stopped via the configured braking ramp in follow-up mode:

MD36610 SMA_AX_EMERGENCY_STOP_TIME
(maximum time for braking ramp when an error occurs)

Note

If the encoder limit frequency is exceeded, a position-controlled machine axis must be re-
referenced (see Section "R1: Referencing (Page 1173)").

Plausibility check for absolute encoders

With absolute encoders (MD30240 $SMA_ENC_TYPE = 4), absolute values supplied by the
measuring system are used to check the plausibility of the actual value.

During the check, the NC compares the cyclic position value held in the position control cycle
clock based on the incremental information from the encoder with a new position value
generated directly from the absolute and incremental information and checks that the
calculated position difference does not exceed the permissible deviation.

MD36310 $MA_ENC_ZERO_MONITORING (permissible deviation in 1/2 coarse increments
between the absolute and the incremental encoder track)

Note

The plausibility check of absolute encoders specifically detects all deviations caused by dirt
on the absolute track or by faults when transferring the absolute value. However, small
errors in the incremental track (burst interference, impulse errors) are not detected. In such
instances the plausibility check only responds to deviations in the millimeter range. This form
of monitoring should therefore serve as additional monitoring to assist the diagnosis of
absolute-position faults.

Note
Rotary absolute encoders
If the plausibility check is to be used for a rotary absolute encoder, the SINAMICS parameter

p0979 must be taken into account when setting the modulo range (MD34220
$MA_ENC_ABS_TURNS_MODULO).

Note
Upgrading the NCK software
If the plausibility check is activated in absolute encoders (MD36310 > 0), the existing

MD36310 settings must be checked and, if necessary, increased during an upgrade of the
NCK software.
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2.2 Axis monitoring functions

Zero mark diagnostics

Fault

Basic Functions

With absolute encoders, the permissible deviation must be determined for the plausibility
check during commissioning. This can be performed via the machine data:

MD36312 $MA_ENC_ABS_ZEROMON_WARNING (zero-mark monitoring warning
threshold)

Value | Meaning

0 No zero mark diagnostics

>0 Permissible deviation in 1/2 coarse increments between the absolute and the incremental
encoder track

Procedure when commissioning the system:
1. Deactivate zero-mark monitoring:
MD36310 $MA_ENC_ZERO_MONITORING =0
2. Activate zero-mark diagnostics:
MD36312 $MA_ENC_ABS_ZEROMON_WARNING = 1

3. Move axis and monitor system variable $VA_ENC_ZERO_MON_ERR_CNT (number of
detected limit value violations).

4. If $VA_ENC_ZERO_MON_ERR_CNT # 0:
Increase MD36312 value and repeat step 3.
5. If $VA_ENC_ZERO_MON_ERR_CNT = 0 (over a longer period of time!):

The correct value for MD36310 is located! Apply the value from MD36312 to MD36310
and then set MD36312 to "0".

Note

Depending on the rigidity of the machine (minimal load masses / moments of inertia are
optimum) and the controller settings, the control play "oscillates" with varying degrees of
intensity. Account must be taken of this by entering machine-specific limit values in
MD36310.

Alarm 25020

If the plausibility check is tripped in the active measuring system, alarm 25020 is displayed:
"Axis <Axis nhame> Zero-mark monitoring active encoder"

The affected axis is stopped via the configured braking ramp in follow-up mode:

MD36610 $SMA_AX_EMERGENCY_STOP_TIME
(maximum time for braking ramp when an error occurs)
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2.2 Axis moniforing functions

Alarm 25021
If the plausibility check is tripped in the passive measuring system, alarm 25021 is displayed:
"Axis <Axis name> Zero-mark monitoring passive encoder"

There is no further alarm response.

Note

In the event of a fault, the adjustment of the absolute encoder is lost and the axis is no
longer referenced. The absolute encoder must be readjusted (see Section "Referencing with
absolute encoders (Page 1203)").

Note

Errors in the incremental track that cannot be detected with amplitude monitoring can cause
position deviations in the millimeter range. The deviation depends on the lattice pitch/line
count and the traversing velocity of the axis when the error occurs.

Complete position monitoring is only possible through redundancy, i.e. through comparison
with an independent second measuring system.

2253 Customized error reactions

Customized zero-mark monitoring

The default alarm and reaction behavior of the zero-mark monitoring can be adapted in
absolute measuring systems (MD30240 $MA_ENC_TYPE = 4) with the aid of system
variables. This allows you to perform your own monitoring using a synchronized action or
OEM application and to use all of the reaction options available in this application, e.g.:

® Transmit alarm

® Use cycles (e.g. approach tool-change position)

Example:

Users can adjust the alarm and reaction behavior so that when machining an expensive
workpiece, which could be damaged if the axis is stopped as a result of an alarm, machining
stops before the machining quality of the workpiece is assessed using appropriate
synchronized action commands.
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2.2 Axis monitoring functions

Effectiveness

Customized monitoring can be activated in parallel to or as an alternative to standard zero-
mark monitoring, depending on the setting in machine data:

MD36310 $MA_ENC_ZERO_MONITORING

Value Meaning
0 If only user-specific monitoring is to be implemented, the default zero-mark
monitoring must be deactivated:
MD36310 =0
and
MD36312 =0
>0 Customized monitoring and standard zero-mark monitoring operate in parallel.
100 All encoder monitoring functions are deactivated.

If both monitoring functions are active (MD36310 > 0), you can perform cascaded
monitoring.

Example:

If a value falls below the threshold specified in MD36310, customized monitoring triggers a
prewarning; standard zero-marking monitoring will only detect a fault if the threshold is
exceeded and will then deactivate automatically.
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2.2 Axis moniforing functions

System variables

You can implement customized error reactions using the following system variables:

System variable Meaning
$VA_ENC_ZERO_MON_ERR_CNT[<n>,<axis>] Number of detected limit value violations.

Contains the current number of detected limit value violations
when comparing the absolute and the incremental encoder
tracks.

The value is reset to 0 at:

¢ POWER ON

e Selection/deselection of parking
Reset does not cause a reset.
$VA_ABSOLUTE_ENC_DELTA_INIT[<n>,<axis>] Initial difference for absolute encoders.

Contains the initial difference between the last buffered
absolute position in the static NC memory and the current
absolute position.

Format of the difference value: Number of internal increments
(see MD10200 $MN_INT_INCR_PER_MM or MD10210
SMN_INT_INCR_PER_DEG)

The value is updated at:

¢ POWER ON

e  Warm restart

e Deselection of parking

e Return below the encoder limit frequency
There is no reset at reset.

<n>: Encoder number

<axis>: Axis name
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2.2.6 Limit-switch monitoring

Overview of the end stops and possible limit-switch monitoring:

2.2 Axis monitoring functions

Traversing range "minus"

Traversing range "plus”

L/

|¢ Working area limitation +|

N\ R 2nd software limit switch — > "/
B e — 1st software limit switch >
- Hardware limit switch >
- Emergency stop >
Mechanical traversing limit >
2.2.61 Hardware limit switch
Function
A hardware limit switch is normally installed at the end of the traversing range of a machine
axis. It serves to protect against accidental overtravelling of the maximum traversing range of
the machine axis while the machine axis is not yet referenced.
If the hardware limit switch is triggered, the PLC user program created by the machine
manufacturer sets the corresponding interface signal:
DB31, ... DBX12.0/1 = 1 (hardware limit switch minus/plus)
Parameterization

The braking behavior of the machine axis upon reaching the hardware limit switch is
configurable via the machine data:

MD36600 $MA_BRAKE_MODE_CHOICE (braking behavior on hardware limit switch)

Value

Meaning

0

Braking with the configured axial acceleration

1

Rapid stop (set velocity = 0)

Basic Functions
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2.2 Axis moniforing functions

Effectiveness

The hardware limit-switch monitoring is active after the controller has ramped up in all
modes.

Effect
Upon reaching the hardware limit switch, the following occurs:

® Alarm 21614 "Channel <Channel number> Axis <Axis name> Hardware limit switch
<Direction>"

® The machine axis is braked according to the configured braking behavior.

e |[f the axis/spindle is involved in interpolation with other axes/spindles, these are also
braked according to their configured braking behavior.

e The traversing keys of the affected machine axis are blocked based on the direction.

2.2.6.2 Software limit switch

Function

Software limit switches serve to limit the traversing range of a machine axis. Per machine
axis and per traversing direction, two (1st and 2nd) software limit switches are available:

MD36100 POS_LIMIT_MINUS (1st software limit switch minus)
MD36110 POS_LIMIT_PLUS (1st software limit switch plus)
MD36120 POS_LIMIT_MINUS2 (2nd software limit switch minus)
MD36130 POS_LIMIT_PLUSZ2 (2nd software limit switch plus)

By default, the 1st software limit switch is active. The 2nd software limit switch can be
activated for a specific direction with the PLC user program:

DB31, ... DBX12.2 / 12.3 (2nd software limit switch minus/plus)

Effectiveness
The software limit switches are active:
e |mmediately after the successful referencing of the machine axis.

® |n all operating modes.

Boundary conditions
® The software limit switches refer to the machine coordinate system.
® The software limit switches must be inside the range of the hardware limit switches.

® The machine axis can be moved to the position of the active software limit switch.
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2.2 Axis monitoring functions

® DRESET

After use of the function preskT, the software limit-switch monitoring is no longer active.
The machine must first be re-referenced.

e Endlessly rotating rotary axes
No software limit-switch monitoring takes place for endlessly rotating rotary axes:
MD30310 $MA_ROT_IS_MODULO == 1 (modulo conversion for rotary axis and spindle)

Exception: Setup-rotary axes

Effects
Automatic operating modes (AUTOMATIC, MDA)
e \Without transformation, without overlaid motion, unchanged software limit switch:

A part program block with a programmed traversing motion that would lead to
overrunning of the software limit switch is not started.

e With transformation:
Different reactions occur depending on the transformation type:
— Behavior as above.
or

— The part program block with a programmed traversing motion that would lead to
overrunning of the software limit switch is started. The affected machine axis stops at
the active software limit switch. The other machine axes participating in the traversing
motion are braked. The programmed contour is left during this process.

e With overlaid motion

The part program block with a programmed traversing motion that would lead to
overrunning of the software limit switch is started. Machine axes that are traveling with
overlaid motion or have traveled with overlaid motion stop at the active software limit
switch in question. The other machine axes participating in the traversing motion are
braked. The programmed contour is left during this process.

Manual operating modes
e JOG without transformation

The machine axis stops at the software limit switch position.
e JOG with transformation

The machine axis stops at the software limit switch position. Other machine axes
participating in the traversing motion are braked. The preset path is left during this
process.
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2.2 Axis moniforing functions

227

2271

Function

106

General

Changing of the software limit switch (1st « 2nd software limit switch)

If the actual position of the machine axis after changing lies behind the software limit
switch, it is stopped with the maximum permissible acceleration.

Overrunning the software limit switch in JOG mode

If the position of the software limit switch is reached and renewed pressing of the
traversing button should cause further travel in this direction, an alarm is displayed and
the axis is not traversed farther:

Alarm 10621 "Channel <Channel number> Axis <Axis name> is at the software limit
switch <Direction>"

Monitoring of the working area limitation

General

The "working area limitation" function can be used to limit the traversing range of a channel's
geometry and special axes to a permissible operating range. The function monitors
compliance with working area limits both in AUTOMATIC mode and in JOG mode.

The following versions are available:

Working area limitation in the Basic Coordinate System (BCS)
The traversing range limits are specified relative to the Basic Coordinate System.

Working area limitation in the workpiece coordinate system (WCS) or adjustable zero
system (AZS)

The traversing range limits are specified relative to the workpiece coordinate system or to
the adjustable zero system.

The two types of monitoring are independent of each other. If they are both active at the
same time, the traversing range limit which most restricts the access will take effect,
depending on the direction of travel.
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2.2 Axis monitoring functions

Reference point at the tool

Taking into account the tool data (tool length and tool radius) and therefore the reference
point at the tool when monitoring the working area limitation depends on the status of the
transformation in the channel:

e Transformation inactive

Without transformations during traversing motion with an active tool the position of the
tool tip P is monitored, i.e. during the monitoring the tool length is considered
automatically.

Consideration of the tool radius must be activated separately:

MD21020 $MC_WORKAREA_WITH_TOOL_RADIUS (Consideration of the tool radius in
the working area limitation)

e Transformation active

In the case of certain transformations the monitoring of the working area limitation may
differ from the behavior without transformation:

— The tool length is a component of the transformation
(SMC_TRAFO_INCLUDES_TOOL_X = TRUE):

In this case the tool length is not considered, i.e. the monitoring refers to the tool
carrier reference point.

— Transformation with change in orientation:

In the case of transformations with changes in orientation, monitoring is always based
on the tool center point. MD21020 has no influence.

Note

The machine data $SMC_TRAFO_INCLUDES_TOOL._... is analyzed only in certain
transformations. Condition for a possible evaluation is that the orientation of the tool
with respect to the base coordinate system cannot be changed by the transformation.
With standard transformations, the condition is only fulfilled for the "inclined axis" type
of transformation.

Response
Automatic operating modes
e With / without transformation

The parts program block with a programmed traversing motion that would lead to
overrunning of the working area limits is not executed.

e With superimposed motion

The axis, which would violate the working area limitation due to a superimposed motion,
is braked with maximum acceleration and without jerk limits (er1sk), and will come to a
stop in the position of the working area limitation. Other axes involved in the movement
are braked according to current acceleration behavior (e.g. sort). The path correlation
may be lost due to different braking accelerations (contour violation).
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2.2 Axis moniforing functions

Manual operating modes
e JOG with / without transformation

The axis is positioned at the working area limitation and then stopped.

Powerup response

If an axis moves outside the permissible working area when activating the working area
limits, it will be immediately stopped with the maximum permissible acceleration.

Overrunning of the working area limitation in JOG mode

In JOG mode, an axis is moved to no further than its working area limit by the control
system. When the traverse button is pressed again, an alarm is displayed and the axis does
not traverse any further.

Geo-axis replacement

Through the following machine data it is adjustable, whether during geometry axis change
the active working area limitation is retained or deactivated:

MD10604 $MN_WALIM_GEOAX_CHANGE_MODE = <value>

<value> | Meaning

0 The working area limitation is deactivated during the geometry axis change.
1 The working area limitation remains activated during the geometry axis change.
227.2 Working area limitation in BKS

Application

Using the "working area limitation in BCS", the working area of a machine tool is limited so
that the surrounding devices (e.g. tool revolver, measuring stations) are protected against
damage.

Working area limits

The lower and upper working area limits of each axes are adjusted through setting data or
programmed through part program commands:

Working area limitation through setting data

The adjustments are done through the immediately effective axis-specific setting data:
SD43420 $SA_WORKAREA_LIMIT_PLUS (working area limitation plus)

SD43430 $SA_WORKAREA_LIMIT_MINUS (working area limitation minus)
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2.2 Axis moniforing functions

Programmed working area limitation

The programming is done using the G commands:

625 Xeo Yoo I lower working area limitation

626 X Y. Ze. upper working area limitation

X Programmable working
I} area limitation
G26 |  _ _/ o
Xmax.

2 |

G2 | _ o o

X min G25 G26
Zmin Zmax.

Figure 2-7 Programmed working area limitation

The programmed working area limitation has priority and overwrites the values entered in
SD43420 and SD43430.

Activation/Deactivation
Working area limitation through setting data

The activation/deactivation of the working area limitation for each axis takes place in a
direction-specific manner via the immediately effective setting data:

SD43400 $SA_WORKAREA_PLUS_ENABLE (working area limitation active in the positive
direction)

SD43410 $SA_WORKAREA_MINUS_ENABLE (working area limitation active in the negative
direction)

Value | Meaning

0 The working area limitation in positive or negative direction is switched off.

1 The working area limitation in positive or negative direction is active.
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2.2 Axis moniforing functions

Programmed working area limitation

Activation or deactivation of the overall "working area limitation in the BCS" is arranged via
part program commands:

WALIMON Working area limitation ON
or
WALIMOF Working area limitation OFF

Changing the working area limitation

Reset position

2.2.7.3

Application

110

Working area limitation through setting data
HMI user interface: Operating area "Parameter”
e Automatic modes:
— Changes: Possible only in the RESET state
— Effectiveness: Immediately
® Manual operating modes:
— Changes: Always possible
— Effectiveness: At the start of the next traversing motion
Programmed working area limitation

The working area limitation can be changed in the part program via c2s0r c26 <Axis hame>
<value>. The change takes effect immediately.

The new working area limitation value is retained after and NC RESET and POWER ON if
the back-up process has been activated in the NCK's retentive data storage for SD43420
and SD43430:

MD10710 $MN_PROG_SD_RESET_SAVE_TABI[0] = 43420
MD10710 $MN_PROG_SD_RESET_SAVE_TAB[1] = 43430

The reset position for the working area limitation (warL1mon or war1Mor) is configurable via:
MD20150 $MC_GCODE_RESET_VALUES (RESET position of G groups)

Working area limitation in WCS/SZS

The working area limitation enables a channel-specific, flexible workpiece-specific limitation
of the traversing range of the channel axes in the workpiece coordinate system (WCS) or
settable zero system (SZS). It is intended mainly for use in conventional lathes.
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Working area limitation group

In order that the axis-specific working area limits do not have to be rewritten for all channel
axes when switching axis assignments, e.g. when switching transformations or the active
frame on/off, working area limitation groups are available.

A working area limitation group comprises the following data:

e \Working area limits for all channel axes

e Reference system of the working area limitation

The number of the working area limitation groups is set in the machine data:
MD28600 $MC_MM_NUM_WORKAREA_CS_GROUPS

Set working area limits

The working area limits are set channel-specifically for each channel axis via the following
system variables:

e $P_WORKAREA_CS_LIMIT_PLUS[<group>, <channel axis name>]
e $P_WORKAREA_CS_LIMIT_MINUS[<group>, <channel axis name>]

With <group> = number of the working area limitation group

Enable working area limits

The working area limits are enabled channel-specifically for each channel axis via the
following system variables:

* $P_WORKAREA_CS_PLUS_ENABLE[<group>, <channel axis name>]
e $P_WORKAREA_CS_MINUS_ENABLE[<group>, <channel axis name>]
With <group> = number of the working area limitation group

There is no activation through the enable.

Select reference system

The reference system for a working area limitation group is set via the following system
variable for each specific channel:

$P_WORKAREA_CS_COORD_SYSTEM|[<group>] = <value>

<value> Meaning
1 Working area limitation based on the workpiece coordinate system
3 Working area limitation based on the AZS

With <group> = number of the working area limitation group
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2.2 Axis moniforing functions

Activation of working area limits

The working area limits of a working area limitation group are activated in the part program
or synchronized action with the command:

waLcsn (activation of the working area limits of group n, wheren=1, 2, ...))

Deactivation of working area limits

The working area limits of a working area limitation group are deactivated in the part
program or synchronized action with the command:

warcso (deactivation of the working area limits active in the channel)

Change working area limits

Data storage

Data backup

112

The working area limits can be changed at any time via the system variables mentioned
above. Changes take effect with the next activation of the working area limitation group
(waLcsn).

The system variables of the working area limits are stored retentively in the static memory of
the NC.

Note

For the storage of the limiting values for the linear axes, the default setting is considered for
the system of units (MD10240 $MN_SCALING_SYSTEM_IS_METRIC).

The system variables of the working area limits can be backed up in separate files:

Backup file For the backup of:

_N_CHx_WAL Values of the system variables for the channel x.
_N_COMPLETE_WAL Values of the system variables for all channels.
Note

The system variables of the working area limits are part of the "_N_INITIAL_INI" file.
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2.2 Axis monitoring functions

Behavior in JOG mode

Initial situation:

® |n the JOG mode, several geometry axes traverse simultaneously (e.g. using several
handwheels)

® A rotating frame is active between the basic coordinate system (BCS) and the reference
coordinate system of the working area limitation (WCS or SZS)

Behavior when a working area limitation responds:
® The traversing motions of the geometry axes that are not affected are continued
® The affected geometry axis is stopped at the working area limit

Set initial setting

The specification of the working area limitation group that is to take effect at power up, reset
or end of the part program and start of the part program is performed channel-specifically via
the machine data:

MD20150 $MC_GCODE_RESET_VALUE[59] = <group>

The working area limitation group that is to take effect is still dependent on the setting in the
machine data:

MD20152 $MC_GCODE_RESET_MODE[59] = <mode>

<Mode> | Meaning

0 The working area group takes effect in accordance with MD20150
1 The last active working area group remains active
2.2.8 Deactivating all monitoring functions: "Parking"

If a machine axis is brought into the"Parking" state, then for this particular axis, no encoder
actual values are acquired, and all of the monitoring functions described in the preceding
sections (measuring system, standstill, clamping monitoring, etc.) are deactivated.

Machine axis with measuring system

For a machine axis with measuring system, "parking" is activated by deselecting all
measuring systems:

e DB31, ... DBX1.5 = 0 (position measuring system 1)
e DB31, ... DBX1.6 = 0 (position measuring system 2)

When the measuring systems are deactivated, the axis is no longer designated as being
referenced:
e DB31, ... DBX60.4 = 0 (referenced / synchronized 1)

e DB31, ... DBX60.5 = 0 (referenced/synchronized 2)

Note

The axis must be re-referenced after the "Park" state has been canceled.
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2.3 Protection zones

Machine axis without measuring system

For a machine axis without a measuring system (speed-controlled spindle), then a state
corresponding to "parking" is activated by withdrawing the controller enable:

e DB31, ... DBX2.1 = 0 (controller enable)

2.3 Protection zones
2.3.1 General
Function

Protection zones are static or moveable in 2- or 3-dimensional ranges within a machine to
protect machine elements against collisions.

The following elements can be protected:

e Permanent parts of the machine and attachments (e.g. toolholding magazine, swiveling
probe). Only the elements that can be reached by possible axis constellations are
relevant.

® Moving parts belonging to the tool (e.g. tool, toolholder)

® Moving parts belonging to the workpiece (e.g. parts of the workpiece, clamping table,
clamping shoe, spindle chuck, tailstock).

Protection zones are defined via part program instructions or system variables so that they
completely surround the element to be protected. The activation and deactivation of
protection zones also takes place via part program instructions.

Protection-zone monitoring by the NC is channelspecific, i.e. all the active protection zones
of a channel monitor one another for collisions.

Definition of a protection zone

It is possible to define 2dimensional or 3dimensional protection zones as polygons with a
maximum of ten corner points. The protection zones can also contain arc contour elements.

Polygons are defined in a previously defined plane.

Expansion in the 3rd dimension can be limited between - « to + «.
The following four cases are possible:

® Dimension of the protection zone from -» to +«»

® Dimension of the protection zone from -~ to the upper limit

® Dimension of the protection zone from the lower limit to +«

® Dimension of protection zone from lower limit to upper limit.
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2.3 Profection zones

Coordinate system

The definition of a protection zone takes place with reference to the geometric axis of a
channel in the basic coordinate system.

Reference
® Tool-related protection zones
Coordinates for toolrelated protection zones must be given as absolute values referred to
the tool carrier reference point F.
e \Workpiece-related protection zones
Coordinates for workpiecerelated protection zones must be given as absolute values
referred to the zero point of the basic coordinate system.
Note
If no toolrelated protection zone is active, the tool path is checked against the workpiece-
related protection zones.
If no workpiece-oriented protection zone is active, protection-zone monitoring does not
take place.
Orientation
The orientation of the protection zones is determined by the plane definition
(abscissa/ordinate), in which the contour is described, and the axis perpendicular to the
contour (vertical axis).
The orientation of the protection zones must be the same for the tool and workpiecerelated
protection zones.
2.3.2 Types of protection zone

Machine-defined and channel-defined protection zones
® Machine-defined protection zone

Data for machine-related protection zones are defined once in the control. These
protection zones can be activated by all channels.

® Channel-defined protection zones

Data for channel-related protection zones are defined in a channel. These protection
zones can be activated only by this channel.
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2.3 Protection zones

Example: Doubleslide turning machine

® The toolrelated protection zones are assigned to channel 1 or 2.
® The workpiecerelated protection zones are assigned to the machine.

® The coordinate system must be identical for both channels.

Maximum number of protection areas

Coordinates

Examples

116

The maximum definable number of machine- and channel-related protection zones is set via:

MD18190 $MN_MM_NUM_PROTECT_AREA_NCK (Number of files for machine-related
protection zones)

MD28200 $MC_MM_NUM_PROTECT_AREA_CHAN (Number of files for channel-specific
protection zones)

The coordinates of a protection zone must always be programmed as absolute values with
respect to the reference point of the protection zone. When the protection zone is activated
via the part program it is possible to apply a relative offset to the reference point of the
protection zone.

In the following figures some examples for protection zones have been presented:
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Figure 2-8 Example of application on turning machine
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2.3 Profection zones
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Figure 2-10 Example of a turning machine with relative protection zone for tailstock
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2.3 Protection zones
2.3.3 Definition via part program instruction
General

A protection-zone definition must contain the following information:

® Protection zone type (workpiece- or tool-related)

e Qrientation of the protection zone

® Type of limitation in the third dimension

® Upper and lower limits of the protection zone in the third dimension

e Activation type ("Protection zone immediately active": only possible via system variable)

e Contour elements

Definition of protection zones
The following systematics must be maintained in the definition of protection zones:

e Definition of the working plane: ¢17, g1s or g19

Definition beginning
— Channel-specific protection zones: cprOTDEF (. . .)

— Machine or NC-specific protection zone: NPROTDEF (. . .)

Contour description for protection zone

End of definition: execute(. . .)

Definition of the working plane

The desired working plane to which the contour description of the protection zone refers
must be selected with c17, c18, g19 before start of the definition. It may not be changed
before the end of the definition. Programming of the applicate is not permitted between start
and end of the definition.

Definition beginning
The definition start is defined by the corresponding subroutine:
® CPROTDEF (n, t, applim, appplus, appminus)

® NPROTDEF (n, t, applim, appplus, appminus)

Parameters | Type | Description

n INT Number of defined protection zone
t BOOL | Protection zone type
TRUE Tool-oriented protection zone

FALSE Workpiece-related protection zone
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118 Function Manual, 03/2013, 6FC5397-0BP40-3BA1



A3: Axis Monitoring, Protection Zones

2.3 Protection zones

Parameters | Type | Description
applim INT Type of limitation in the third dimension

0 | No limitation

1 | Limit in plus direction

2 | Limit in minus direction

3 | Limit in positive and negative direction
appminus REAL | Value of the limit in the negative direction in the 3rd dimension "
appplus REAL | Value of the limit in the positive direction in the 3rd dimension "
) The following must be true: appplus > appminus

Contour description for protection zone

The contour of a protection zone is described with traversing motions. These are not
executed and have no connection to previous or subsequent geometry descriptions. They
only define the protection zone.

The contour of a protection zones is specified with up to eleven traversing movements in the
selected working plane. The first traversing movement is the movement to the contour. The
last point in the contour description must always coincide with the first point of the contour
description. In the case of rotationsymmetrical contours (e.g. spindle chuck), the whole
contour must be described (not merely the contour to the turning center).

The valid protection zone is the zone left of the contour:

® |nternal protection zone

The contour of an internal protection zone must described in the counterclockwise

direction.

® External protection zones (permitted only for workpiece-related protection zones)

The contour of an external protection zone must be described in the clockwise direction.

External protection zone

IR
—‘ .\l\
[——
| Internal protection zone
S 772 N I I
N
W
| Internal protection zon
ernal protection zone

Figure 2-11
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2.3 Protection zones

Toolrelated protection zones must be convex. If a concave protection zone is required, the
protection zone must be divided up into several convex protection zones.

Convex protection zones

Concave protection zones (not permissible)

Figure 2-12 Examples: convex and concave tool-related protection zones

Contour elements

Constraints

120

The following contour elements are permissible:
® o, c1 for straight contour elements
® 2 for circle segments in the clockwise direction
Permissible only for workpiece-related protection zones.
Not permissible for tool-related protection zones because they must be convex.
® 3 for circular segments in the counterclockwise direction

A protection zone cannot be described by a complete circle. A complete circle must be
divided into two half circles.

The sequence a2, @3 or a3, 2 is not permitted. A short g1 block must be inserted between
the two circular blocks.

During the definition of a protection zone, the following functions must not be active or used:
® Tool radius compensation (cutter radius compensation, tool nose radius compensation)
e Transformation

® Reference point approach (¢74)

® Fixed point approach (c75)

® Dwell time (c4)

® Block search stop (sToprE)

Basic Functions
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End of definition

2.3 Protection zones

® End of program (vM17, M30)
® M functions: mo, M1, M2

Programmable frames (Trans, roT, scaLg, MIRROR) and configurable frames (cs4 to gs7) are
ineffective.

Inch/metric switchovers with c70/c71 or c7oo/c710 are effective.

The end of definition is defined by the following subroutine:

EXECUTE (NOT_USED)

Parameters Type | Description

NOT_USED INT Error variable has no effect in protection zones with EXECUTE.

The definition of a machine-specific or channel-specific protection zone is completed with the
subroutine ExecuTE (n).

234 Definition as per system variable

General

System variables

Basic Functions

When the protection zones are defined via part program instructions (see Section "Definition
via part program instruction (Page 118)"), the protection zone data is stored in system
variables. The system variables can also be written directly so that the definition of protection
areas can also be performed directly in the system variables.

The same supplementary conditions apply for the definition of the contour of a protection
zone as for a protection zone definition via part program instructions.

The protection zone definitions cover following system variables:

System variable Type Meaning

$SN_PA_ACTIV_IMMEDIn] BOOL | Activation type

$SC_PA_ACTIV_IMMEDIn] The protection zone is active / not active immediately after
the power up of the controller and the referencing of the
axes.
FALSE Not immediately active
TRUE Immediately active
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2.3 Protection zones

$SC_PA_CENT_ORDJn, i]

System variable Type | Meaning
$SN_PA_T_W[n] INT Protection zone type
$SC_PA_T_WIn] 0 | Workpiece-related protection zone

1 | Reserved

2 | Reserved

3 | Tool-related protection zone
$SN_PA_ORI[n] INT Orientation of the protection zone, i.e. polygon definition in
$SC_PA_ORI[n] the plane of:

0 | 1stand 2nd geometry axis

1 | 3rd and 1st geometry axis

2 | 2nd and 3rd geometry axis
$SN_PA_LIM_3DIM[n] INT Type of limitation in the third dimension
$SC_PA_LIM_3DIMn] 0 | No limitation

1 | Limit in plus direction

2 | Limit in minus direction

3 | Limit in positive and negative direction
$SN_PA_PLUS_LIM[n] REAL | Value of the limit in the positive direction in the 3rd
$SC_PA_PLUS_LIM[n] dimension
$SN_PA_MINUS_LIM[n] REAL | Value of the limit in the negative direction in the 3rd
$SC_PA_MINUS_LIM[n] dimension
$SN_PA_CONT_NUMIN] INT Number of valid contour elements
$SC_PA_CONT_NUMIn]
$SN_PA_CONT_TYPIn, i] INT Contour typel[i], contour type (a1, G2, G3) of the nth contour
$SC_PA_CONT_TYPIn, i] element
$SN_PA_CONT_ABSIn, i] REAL | End point of the contour{i], abscissa value
$SC_PA_CONT_ABSIn, i]
$SN_PA_CONT_ORDIn, i] REAL | End point of the contour(i], ordinate value
$SC_PA_CONT_ORDIn, i]
$SN_PA_CENT_ABSIn, i] REAL | Center point of the circular contour]i], absolute abscissa
$SC_PA_CENT_ABSIn, i] value
$SN_PA_CENT_ORDIn, i] REAL | Center point of the circular contourfi], absolute ordinate

value

The index "i

$SN_... are system variables for NC and machine-specific protection zones.

$SC_... are system variables for channel-specific protection zones.

The index "n" corresponds to the number of the protection zone: 0 = 1. Protection zone
corresponds to the number of the contour element: 0 = 1. Contour element

The contour elements must be defined in ascending order.

Note

The system variables of the protection zone definitions are not restored with reora.
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2.3 Profection zones
Data of the protection zone definitions
Data storage
The protection zone definitions are stored in the following files:
File Blocks
_N_NCK_PRO Data block for NC-specific protection zones
_N_CHAN1_PRO Data block for channel-specific protection zones in channel 1
_N_CHAN2_PRO Data block for channel-specific protection zones in channel 2
Data backup
The protection zone definitions are saved in the following files:
File Blocks
_N_INITIAL_INI All data blocks of the protection zones
_N_COMPLETE_PRO All data blocks of the protection zones
_N_CHAN_PRO All data blocks of the channel-specific protection zones
235 Activating and deactivating protection zones

The activation state of a protection zone can have the following values:
® Activated

® Preactivated

® Preactivated with conditional stop

® Deactivated

Activation, preactivation and deactivation via part program

The activation status of a protection zone can be changed in the part program at any time via
the following functions:

® Channel-specific protection zone:
CPROT (<n>, <state>[, <xMov>, <yMov>, <zMov>])
® Machine-specific protection zone:

NPROT (<n>, <state>[, <xMov>, <yMov>, <zMov>])
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2.3 Protection zones
Parameters | Type Description
<n>: INT Protection area number
<states: INT Activation status
0 | Deactivated
1 | Preactivated
2 | Activated
3 | Preactivated with conditional stop
Z?MSXZ: REAL | Additive offset values depending on the reference system:
<zMov>. o Workpiece-related protection zone: Machine zero
e Tool-related protection zone: Toolholder reference point
Note

A protection zone is only taken into account after the referencing of all geometry axes of the
channel in which it has been activated.

Activation via NC/PLC interface signals

Only protection zones that have been preactivated via the part program (see paragraph
below "Preactivation via part program") can be activated in the PLC user program via the

NC/PLC interface signals:

e DB21, ... DBX8.0 - 9.1 = 1 (activate machine-related protection zone 1 - 10)

e DB21, .. DBX10.0 - 11.1 = 1 (activate channel-specific protection zone 1 - 10)

For preactivation, see paragraph below "Preactivation via part program"

The activation of preactivated protection zones must be performed prior to the traversing
motion of the geometry axes. If the activation is performed during the traversing motion,
these protection zones are not taken into account in the current traversing motion. Reaction:

e Alarm "10704 Protection zone monitoring is not guaranteed"

e DB21, ... DBX39.0 = 1 (protection zone monitoring not guaranteed)

Note

The activation of preactivated protection zones must be performed prior to the traversing
motion of the geometry axes.
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2.3 Profection zones

Automatic activation after the NC powers up

Protection zones that are to take effect immediately after the NC powers up can be specified
via the following system variables:

® Channel-specific protection zones:
$SC_PA_ACTIV_IMMED[<protection zone number>]

e Machine-specific protection zones:
$SN_PA_ACTIV_IMMED[<protection zone number>]

Note

With automatic activation, no relative offset of a protection zone is possible.

Note

A protection zone is only taken into account after the referencing of all geometry axes of
the channel in which it has been activated.

Preactivation via part program

Protection zones that are to be activated at a later time from the PLC user program must be
preactivated in the part program:

CPROT or NPROT (<protection zone number>, 1)

Preactivated protection zones are displayed via the following NC/PLC interface signals:

e DB21, .. DBX272.0 - 273.1 == 1 (machine-related protection zone 1 - 10 preactivated)
e DB21, .. DBX274.0 - 275.1 == 1 (channel-specific protection zone 1 - 10 preactivated)

X ) Preactivated protection zone

— — — gl

=1 1
- =
| P
M
—@ — - N —>
w 4

Figure 2-13 Example: Turning machine with preactivated protection zone for a sensor.
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2.3 Protection zones

Preactivation with conditional stop

NOTICE

Protection zone violation possible

If a preactivated protection zone with conditional stop is not activated in good time, the NC
may no longer be able to stop before the protection zone in good time because the braking
distance after the activation point has not been taken into account.

The preactivation of protection zones with conditional stop is performed in the part program
via:

CPROT or NPROT (<protection zone numbers>, 3)

In the case of a preactivated protection zone with conditional stop, a traversing motion is not
stopped before this if the traversing motion goes into the protection zone. A stop is only
performed when the protection zone has been activated. This behavior is to enable
uninterrupted machining controlled by the user when the protection zone is only required
temporarily.

Deactivation via part program

A protection zone that has been activated via the part program or an NC/PLC interface
signal can be deactivated again at any time from the part program with status = 0:

® Channel-specific protection zone:
CPROT (n, 0)
® Machine-specific protection zone:

NPROT (n, 0)

Deactivation via NC/PLC interface signal

Only protection zones that have been preactivated via a part program and activated via the
NC/PLC interface signals, can be deactivated again via the NC/PLC interface signals:

e DB21, ... DBX8.0 to DBX9.1 = 0 (activate machine-related protection zone 1 - 10)
e DB21, ... DBX10.0 to DBX11.1 = 0 (activate channel-specific protection zone 1 - 10)

Protection zones that have been activated directly via a part program cannot be deactivated
from the PLC user program.

Note

It is recommended that protection zones which are to be activated via the PLC user program,
be configured specially for this. Preactivation in the part program is only useful for these
protection zones.
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2.3 Profection zones

Automatic deactivation via machine data parameterization

When executing the Geometry axis change and Transformation change functions, the active
protection zones can be deactivated automatically. The setting is performed NC-specifically
via the machine data:

MD10618 $MN_PROTAREA_GEOAX_CHANGE_MODE

Bit |Value |Meaning

0 0 The active protection zones are deactivated during the transformation change.
1 The active protection zones remain active during the transformation change.

1 0 The active protection zones are deactivated during the geometry axis change.
1 The active protection zones remain active during the geometry axis change.

Display protection zone violation

Violations of activated protection zones or possible violations of preactivated protection
zones, if they would be activated, are displayed via the following NC/PLC interface signals:

e DB21, ... DBX276.0 - 277.1 == 1 (machine-related protection zone 1 - 10 violated)
e DB21, ... DBX278.0 - 279.1 == 1 (channel-specific protection zone 1 - 10 violated)

Behavior in special system states

Block search with calculation

For block search with calculation, the last programmed activation state of a protection zone
is always taken into account.

Program test

In the AUTOMATIC and MDI modes, activated and preactivated protection zones are also
monitored in the "Program test" state.

NC RESET and end of program

The activation status of a protection zone is retained even after an nc reser and end of
program.
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2.3 Protection zones

Memory requirements
The memory required for protection zones is parameterized via the following machine data:
® Persistent memory

— MD18190 $SMN_MM_NUM_PROTECT_AREA_NCK (number of available machine-
defined protection zones)

- MD28200 $MC_MM_NUM_PROTECT_AREA_CHAN (number of available channel-
defined protection zones)

® Dynamic memory

- MD28210 $MC_MM_NUM_PROTECT_AREA_ACTIVE (maximum number of
protection zones that can be activated simultaneously in the channel)

- MD28212 $MC_MM_NUM_PROTECT_AREA_CONTUR (maximum number of
definable contour elements per protection zone)

See also
Definition via part program instruction (Page 118)
Definition as per system variable (Page 121)
2.3.6 Protection zone violation and temporary enabling of individual protection zones

Temporary enabling of protection zones

If a protection zone violation occurs when starting or during a traversing motion, under
certain circumstances, the protection zone can be enabled, i.e. for temporary traversing. In
AUTOMATIC and MDA mode as well as in JOG mode, the temporary enabling of protection
zones is performed via operator actions.

A temporary enable is only possible for workpiece-related protection zones.
Tool-related protection zones must either be deactivated in the part program or via the
NC/PLC interface in the "Preactivated" state.

Terminating the temporary enabling

Temporary enabling of a protection zone is terminated after the following events:

e NC RESET

e AUTOMATIC or MDA mode: The end of the block is outside the protection zone

e JOG mode: The end of the traversing motion is outside the protection zone

® The protection zone is activated
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2.3 Profection zones

Behavior in the AUTOMATIC and MDA modes

In AUTOMATIC and MDA mode, no traversing motion is enabled into or through active
protection zones:

e A traversing motion that would lead from outside into an active protection zone, is
stopped at the end of the last block located outside the protection zone.

e A traversing motion that begins within an active protection zone is not started.

Temporary enabling of protection zones

If a traversing motion is stopped in AUTOMATIC or MDA mode because of a protection zone
violation, this is indicated to the operator by an alarm. If the operator decides that the
traversing motion can be continued, the crossing of protection zones can be enabled.

The enabling is only temporarily and is performed by triggering NC START:
DB21, ... DBX7.1 =1 (NC START)

An alarm is displayed for each violated protection zone. An NC START signal must be
triggered by the operator for each protection zone to be enabled.

The traversing motion is continued when all protection zones that have resulted in the
stopping of the traversing motion, have been enabled.
Continuation of a traversing motion without temporary enabling

A traversing motion was stopped with an alarm because of a protection zone violation. If the
relevant protection zone is set to the "Preactivated" state via the NC/PLC interface, the
traversing motion can be continued with NC START, without the protection zone being
temporarily enabled.

Increased protection against the enabling of protection zones

If the enabling of a protection zone is to be protected better than just by NC START, this
must be performed by the machine manufacturer or user in the PLC user program.

Behavior in JOG mode

Simultaneous traversing of several geometry axes

In JOG mode, traversing motions can be performed simultaneously in several geometry
axes. The traversing range of every participating geometry axis is limited axis-specifically at
the start of the traversing motion with regard to the traversing range limits (software limit
switches, working area limitation, etc.) and active protection zones. However, safe
monitoring of all active protection zones cannot be guaranteed. The following is provided as
feedback to the user:

e Alarm: "10704 Protection zone monitoring is not guaranteed"

e DB31, ... DBX39.0 = 1 (protection zone monitoring not guaranteed)
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2.3 Protection zones

After the end of the traversing motion, the alarm is cleared automatically. If the current
position is within an activated or preactivated protection zone, the following is performed:

e Alarm 10702 or 10703 is displayed
e Further traversing motions are disabled

® The NC/PLC interface signal for the relevant protection zone is set
DB21, ... DBX276.0 - 277.1 or DBX278.0 - 279.1 (protection zone violated)

To continue, see the paragraph below "Temporary enabling of protection zones" and Section
"Activating and deactivating protection zones (Page 123)".

Example: Three protection zones activated and simultaneous traversing of two geometry
axes

Protection zone 1

________________________

Protection zone 2

_______________________ N /!
Maximum traversing range
[ Absolute traversing range limit at the start time
Relative traversing range limit ! Maximum axial traversing range
due to the protection zone | at the start time

Figure 2-14  Motion range of the geometry axes at the start time

At the start time of the traversing motions of the axes X and Y, the axial traversing range
limits are determined from the start time:

e X axis

Positive traversing direction: Protection zone 2

Negative traversing direction: Absolute traversing range limit, e.g. software limit switch

® Y axis

Positive traversing direction: Protection zone 1

Negative traversing direction: Absolute traversing range limit, e.g. working area
limitation
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2.3 Profection zones

The resulting maximum traversing range at the start time does not take protection zone 3
into account. Therefore, a protection zone violation in protection zone 3 is possible.

Note

Activated and preactivated protection zones are also monitored in the manual operating
modes JOG, INC and DRF.

Limitation of traversing motion of an axis

If the traversing motion of an axis is limited because it has reached a protection zone, then a
selfresetting alarm "Protection zone reached in JOG" is generated. The alarm text specifies
the violated protection zone and the relevant axis. It is assured that no protection zone will
be violated when an axis is traversing in JOG. (This response is analogous to approaching
software limit switches or a working area limitation.)

The alarm is reset:

¢ \When an axis is traversed along a path that does not lead into the protection zone
e \When the protection zone is enabled

® OnNC RESET

If an axis starts to move towards a protection zone when it is at a protection zone limit, then
a selfresetting alarm "Protection zone reached in JOG" is output and the motion is not
started.

Temporary enabling of protection zones

If a traversing motion is started within or on the limit of an activated protection zone, alarm
10702 or 10703 is displayed and the traversing motion is not started. The traversing motion
can be performed when the relevant protection zone is temporarily enabled. The following
actions must be performed for this:

® (Create a positive edge at the NC/PLC interface signal:
DB21, ... DBX1.1 (enable protection zone)

e Start the same traversing motion again

Note

The NC/PLC interface signal "Protection zone violated" is still set when the temporarily
enabled protection zone is traversed:

DB21, ... DBX276.0 — 277.1 or DBX278.0 — 279.1

The enable is reset if a motion is started that does not lead into the enabled protection zone.

If further protection zones are affected by the traversing motion, additional alarms 10702 or
10703 are displayed for each protection zone. The protection zones displayed in the alarms
can be enabled by creating further positive edges on the NC/PLC interface signal:

DB21, ... DBX1.1 (enable protection zone)
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2.3 Protection zones

Behavior at change of operating mode

The protection zones temporarily enabled in JOG mode are retained after a change to
AUTOMATIC or MDA mode. The temporary enables set the in the AUTOMATIC or MDA
mode are also retained after a change to JOG mode.

Reset of an enable

The enable is reset internally and on the NC/PLC interface at the next standstill of a
geometry axis for which the temporarily enabled protection zone has been completely exited:

DB21, ... DBX276.0 - 277.1 or DBX278.0 - 279.1 = 0 (protection zone violated)

Behavior with axis replacement

With regard to the protection zones after an axis replacement, the starting position is the last
position approached in the relinquishing channel. Traversing motions in the channel taking
over are not taken into account. For this reason, you must make sure that an axis
replacement is not performed from a position with protection zone violation.

Behavior for superimposed motions

2.3.7

Superimposed motions that are included in the main run, cannot be taken into account by
the block preparation with regard to the active protection zones.

This results in the following reactions:
e Alarm: "10704 Protection zone monitoring is not guaranteed"

e DB31, ... DBX39.0 = 1 (protection zone monitoring not guaranteed)

Restrictions in protection zones

Restrictions in protection-zone monitoring

132

No protection-zone monitoring is possible under the following conditions:
e Orientation axes

® Protection-zone monitoring for fixed machine-related protection zones with TRANSMIT or
peripheral surface transformation.

Exception: Protection zones defined with rotation symmetry around the spindle axis.
Here, no DRF offset must be active.

e Mutual monitoring of tool-related protection zones
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Positioning axes

Axis interchange

2.3 Protection zones

For positioning axes, only the programmed block end point is monitored.
An alarm is displayed during the traversing motion of the positioning axes:

Alarm: "10704 Protection-zone monitoring is not guaranteed".

If an axis intended for the axis interchange is not active in a channel, the position of the axis
last approached in the channel is taken as the current position. If this axis has not yet been
traversed in the channel, zero is taken as the position.

Machine-related protection zones

2.3.8

Function

Definition

Syntax

Basic Functions

A machine-related protection zone or its contour is defined using the geometry axis, i.e. with
reference to the basic coordinate system (BCS) of a channel. In order that correct protection-
zone monitoring can take place in all channels in which the machine-related protection zone
is active, the basic coordinate system (BCS) of all affected channels must be identical
(position of the coordinate point of origin with respect to the machine zero point and
orientation of the coordinate axes).

Checking for protection zone violation, working area limitation and software limit
switches (CALCPOSI)

As of the start position, the carcrost () function checks whether active limits have been
violated along the traversing distance in the workpiece coordinate system (WCS) with regard
to the geometry axes.

If the distance cannot be fully traversed because of limits, a positive, decimal-coded status
value and the maximum possible traversing distance are returned.

INT CALCPOSI (VAR REAL[3] <Starts>, VAR REAL[3] <Dist>, VAR REAL[5]
<Limits>,
VAR REAL([3] <MaxDist>, BOOL <System>, INT <TestLim>)

<Status> = CALCPOSI (VAR <Start>, VAR <Dist>, VAR <Limit>, VAR
<MaxDist>, <System>, <TestLim>)
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2.3 Profection zones
Meaning
CALCPOSI: Test for limit violations with regard to the geometry axes.
Preprocessing No
stop:
Alone in the block: | Yes
<Status>: Function return value. Negative values indicate error states.
(Part 1) Data type: INT
Range of values: |-8 < x < 100000
Values Meaning

0 The distance can be traversed completely.

-1 At least one component is negative in <Limit>.

-2 Error in a transformation calculation.

Example: The traversing distance passes through a singularity
so that the axis positions cannot be defined.

-3 The specified traversing distance <Dist> and the maximum
possible traversing distance <MaxDist> are linearly
dependent.

Note
Can only occur in conjunction with <TestLim>, bit 4 == 1.

-4 The projection of the traversing direction contained in <Dist>
on to the limitation surface is the zero vector, or the traversing
direction is perpendicular to the violated limitation surface.
Note
Can only occur in conjunction with <TestLim>, bit 5 == 1.

-5 In <TestLim>, bit 4 == 1 AND bit 5 ==

-6 At least one machine axis that has to be considered for
checking the traversing limits has not been homed.

-7 Collision avoidance function: Invalid definition of the kinematic
chain or the protection zones.

-8 Collision avoidance function: This command cannot be
executed because of insufficient memory.

<Status>: Units digit
(Part 2) Note
If several limits are violated simultaneously, the limit with the greatest restriction on
the specified traversing distance is signaled.

1 Software limit switches are limiting the traversing distance

2 Working area limits are limiting the traversing distance

3 Protection zones are limiting the traversing distance

Tens digit

1x The initial value violates the limit

2x The specified straight line violates the limit.

This value is also returned if the end point does not violate
any limit itself, but the path from the starting point to the end
point would cause a limit value to be violated (e.g. by passing
through a protection zone, curved software limit switches in
the WCS for non-linear transformations, e.g. transmit).
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2.3 Protection zones

<Status>: Hundreds digit
(Part 3) 1xx AND units digit == 1 or 2:
The positive limit value has been violated.
AND units digit ==3 ")
An NC-specific protection zone has been violated.
2xx AND units digit == 1 or 2:
The negative limit value has been violated.
AND units digit ==3 "
A channel-specific protection zone has been violated.
<Status>: Thousands digit
(Part 4) TXxX AND units digit == 1 or 2:
Factor with which the axis number is multiplied that violates
the limit. Numbering of the axes begins with 1.
Reference:
e Software limit switch: Machine axes
e Working area limitation: Geometry axes
AND units digit == 3 :
Factor with which the number of the violated protection zone
is multiplied.
<Statuss>: Hundred thousands digit
(Part 5) OXXXXX Hundred thousands digit == 0: <Dist> remains unchanged
TXXXXX A direction vector is returned in <Dist> which defines the
further motion direction on the limitation surface.
Can only occur with the following supplementary conditions:
e Software limit switch or working area limit violated (not in
the starting point)
e A transformation is not active
e <TestID>, bit 4 or bit 5 ==
<Starts: Reference to a vector with the start positions:
e <Start> [0]: Abscissa
e <Start> [1]: Ordinate
e <Start> [2]: Applicate
Parameter type: Input
Data type: VAR REAL [3]
Range of values: -max. REAL value < x[n] < +max. REAL value
<Dists>! Reference to a vector.
Input: Incremental traversing distance
e <Dist> [0]: Abscissa
e <Dist> [1]: Ordinate
o <Dist> [2]: Applicate
Output (only for set hundred thousands digit in <Status>):
<Dist> contains a unit vector v as output value which defines the further
traversing direction in the WCS.
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2.3 Protection zones

Case 1: Formation of vector v for <TestID>, bit 4 ==

The input vectors <Dist> and <MaxDist> span the motion plane. This plane is
cut by the violated limitation surface. The intersecting line of the two planes
defines the direction of vector v. The orientation (sign) is selected so that the
angle between the input vector <MaxDist> and v is not greater than 90
degrees.

Case 2: Formation of vector v for <TestID>, bit 5 ==

Vector v is the unit vector in the projection direction of the traversing vector
contained in <Dist> on the limitation surface. If the projection of the traversing
vector on the limitation surface is the zero vector, an error is returned.

Parameter type: Input/output
Data type: VAR REAL [3]
Range of values: -max. REAL value < x[n] < +max. REAL value

<Limits>:

Reference to an array of length 5.

e <Limit> [0 - 2]: Minimum clearance of the geometry axes to the limits:
— <Limit> [0]: Abscissa
— <Limit> [1]: Ordinate
— <Limit> [2]: Applicate

The minimum clearances are observed with:

— Working area limitation: No restrictions

— Software limit switch: If no transformation is active, or a transformation is
active in which a clear assignment of the geometry axes to the linear
machine axes is possible, e.g. 5-axis transformations.

e <Limit> [3]: Contains the minimum clearance for linear machine axes which, for
example, cannot be assigned a geometry axis because of a non-linear
transformation. This value is also used as limit value for the monitoring of the
conventional protection zones and the collision avoidance protection zones.

e <Limit> [4]: Contains the minimum clearance for rotary machine axes which, for
example, cannot be assigned a geometry axis because of a non-linear
transformation.

Note
This value is only active for the monitoring of the software limit switches for
special transformations.

Parameter type: Input
Data type: VAR REAL [5]
Range of values: -max. REAL value < x[n] < +max. REAL value

<MaxDists>:

Reference to a vector with the incremental traversing distance in which the
specified minimum clearance of an axis limit is not violated by any of the relevant
machine axes:

o <Dist> [0]: Abscissa
e <Dist> [1]: Ordinate
o <Dist> [2]: Applicate

If the traversing distance is not restricted, the contents of this return parameter are
the same as the contents of <Dist>.
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2.3 Protection zones

With <TestID>, bit 4 == 1: <Dist> and <MaxDist>

<MaxDist> and <Dist> must contain vectors as input values that span a motion
plane. The two vectors must be mutually linearly dependent. The absolute value of
<MaxDist> is arbitrary. For the calculation of the motion direction, see the
description for <Dist>.

Parameter type:

Output

Data type:

VAR REAL [3]

Range of values:

-max. REAL value < x[n] < +max. REAL value

<System>:

Measuring system (inch/metric) for position and distance specifications (optional)

Data type: BOOL
Default value: FALSE
Value Meaning
FALSE Measuring system corresponding to the currently active G
function from G group 13 (G70, G71, G700, G710).
Note
If G70 is active and the basic system is metric (or G71 is
active and the basic system is inch), the system variables
$AA_IW and $SAA_MW are provided in the basic system and, if
used, must be converted for caLcPOSI ().
TRUE Measuring system corresponding to the set basic system:

MD52806 $MN_ISO_SCALING_SYSTEM

<TestLims>:

Bit-coded selection o

f the limits to be monitored (optional)

Data type: INT
Default value: Bit0, 1,2,3==1(15)
Bit Decimal | Meaning

0 1 Software limit switch

1 2 Working area limitation

2 4 Activated conventional protection zones

3 8 Preactivated conventional protection zones

4 16 With violated software limit switches or working area limits in
<Dist>, return the traversing direction as in Case 1 (see
above).

5 32 With violated software limit switches or working area limits in
<Dist>, return the traversing direction as in Case 2 (see
above).

6 64 Activated collision avoidance protection zones

7 128 Preactivated collision avoidance protection zones

256 Pairs of activated and preactivated collision avoidance

protection zones

1) If several protection zones are violated, the protection zone with the greatest restriction on the
specified traversing distance is returned.
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2.3 Protection zones

Example

In the example (see figure), the active software limit switches and working area limits in the
X-Y plane and the following three protection zones are displayed

e (C2: Tool-related, channel-specific protection zone, active, circular, radius = 2 mm

® (C4: Workpiece-related, channel-specific protection zone, preactivated, square, side
length =10 mm

e N3: NC-specific protection zone, active, rectangular, side length = 10 mm x 15 mm

The protection zones and working area limits are defined first in the NC program. The
carceosI () function is then called with different parameterizations.

Y
30
Software limit switch
25
Cc4
N710 ————= 04
N =1 -
\\ //
N620 N e —| I P pig
AN | PRe
. . \ 15 _
Working area limitation \\ | A
N\ | i
\ | Py
N3 \ | //
N e
N |~
5 —— \1\ _
N420 - N440 > ~J|'<\
Ay’ Ny | X
C2 LY £ i I I
-10 -5 < | 10 20 25 30
5 |
N510 - N540 1
|
40 L
NC program

Program code
N10 DEF REAL _STARTPOS [3]
N20 DEF REAL _MOVDIST [3]
N30 DEF REAL DLIMIT[5]
N40 DEF REAL _MAXDIST [3]
N50 DEF INT _SB
N6O DEF INT _STATUS
Toolrelated protection zone C2
N70 CPROTDEF (2, TRUE, 0)
N80 G17 Gl X-2 YO
N90 G3 I2 X2
N100 I-2 X-2
N110 EXECUTE (_SB)
; Workpiece-related protection zone C4
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2.3 Protection zones

Program code

N120 CPROTDEF (4, FALSE, 0)
N130 G17 G1 X0 Y15

N140 X10

N150 Y25

N1e60 XO

N170 Y15

N180 EXECUTE(_SB)

; Machine-related protection zone N3
N190 NPROTDEF (3, FALSE, 0)
N200 G17 G1 X10 Y5

N210 X25

N220 Y15

N230 X10

N240 Y5

N250 EXECUTE(_SB)

; Activate or preactivate protection zones
N260 CPROT (2, 2, 0, 0, O0)
N270 CPROT(4, 1, 0, 0, 0)
N280 NPROT(3, 2, 0, 0, 0)

; Define working area limits
N290 G25 XX=-10 YY=-10

N300 G26 XX=20 YYy=21

N310 _STARTPOS[0] = O

N320 _STARTPOSI[1] = 0.

N330 _STARTPOS[2] = 0

N340 MOVDIST[0] = 35.

N350 MOVDIST[1] = 20.
N360 _MOVDIST[2] = O.
N370 DLIMIT[0] = O.
N380 DLIMIT[1] = O.
N390 DLIMIT[2] = O.
N400 DLIMIT[3] = 0.
N410 DLIMIT[4] = O.

N420 _STATUS = CALCPOSI (_STARTPOS, MOVDIST, DLIMIT, MAXDIST)
N430 _STATUS = CALCPOST (_STARTPOS, MOVDIST, DLIMIT, MAXDIST,,3)
N440 _STATUS = CALCPOSI (_STARTPOS, MOVDIST, DLIMIT, MAXDIST,,1)
N450 STARTPOS([0] = 5.

N460 _STARTPOS[1] = 17.

N470 _STARTPOS[2] = O.

N480 MOVDIST[0] = 0.

N490 MOVDIST[1] =-27.

N500 _MOVDIST[2] = 0.

N510 _STATUS = CALCPOST ( STARTPOS, _MOVDIST, DLIMIT, MAXDIST,,b14)
N520 _STATUS = CALCPOST ( STARTPOS, _MOVDIST, DLIMIT, MAXDIST,, 6)
N530 DLIMIT([1] = 2.

N540 _STATUS = CALCPOST ( STARTPOS, _MOVDIST, DLIMIT, MAXDIST,, 6)
N550 _STARTPOS[0] = 27.

N560 _STARTPOS[1] = 17.1

N570 _STARTPOS[2] = O.

N580 MOVDIST[0] =-27.

N590 MOVDIST[1] = 0.
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2.3 Protection zones

Program code
N600 _MOVDIST[2] =
N610 DLIMITI[3] =

N630 _STARTPOS [0]
N640 _STARTPOS[1]
N650 _STARTPOS [2]
N660 _MOVDIST[0]
N670 _MOVDIST[1] =
N680 _MOVDIST [2]
N690 TRANS X10

N700 AROT Z45

0.

2.
N620 _STATUS = CALCPOSI( STARTPOS, MOVDIST, DLIMIT, MAXDIST,,12)

0.

0.

0.
0.
30.
0.

N710 _STATUS = CALCPOSI(_STARTPOS,_MOVDIST, _DLIMIT, _MAXDIST)
; Delete frames from N690 and N700 again

N720 TRANS

N730 _STARTPOS [0]
N740 STARTPOS [1]
N750 _STARTPOS [2]

; Vectors MOVDIST
N760 MOVDIST[0]
N770 MOVDIST[1] =
N780 _MOVDIST[2] =
N790 MAXDIST[0] =
N800 MAXDIST[1] =
N810 MAXDIST[2] =

0.
10.
0.

and MAXDIST define the motion plane

30.
30.
0.
1.
0.
1.

N820 _STATUS = CALCPOSI( STARTPOS, _MOVDIST, DLIMIT, MAXDIST,,17)

N830 M30

Results of CALCPOSI():

N... | <status> <MaxDist>[0] £ X |<MaxDist>[1]2Y | Remarks

420 3123 8.040 4.594 N3 is violated.

430 1122 20.000 11.429 No limit is violated.

440 1121 30.000 17.143 Only monitoring of the software limit switches still active.

510 4213 0.000 0.000 Starting point violates C4

520 0000 0.000 -27.000 Preactivated C4 is not monitored. The specified distance
can be traversed completely.

540 2222 0.000 -25.000 Because _DLIMIT[1] = 2, the traversing distance is
restricted by the working area limitation.

620 4223 -13.000 0.000 Clearance to C4 is a total of 4 mm due to C2 and
_DLIMIT[3]. Clearance C2 — N3 of 0.1 mm does not result in
limitation of the traversing distance.

710 1221 0.000 21.213 Frame with translation and rotation active. The permissible
traversing distance in _MOVDIST applies in the shifted and
rotated WCS.

820 102121 18.000 18.000 The software limit switch of the Y axis is violated. The
calculation of a further traversing direction is requested with
_TESTLIM = 17. This direction is in _MOVDIST (0.707, 0.0
0.707). It is valid because the hundred thousands digit is
setin _STATUS.
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2.3 Profection zones

Supplementary conditions

Axis status

All machine axes considered by cancrost () must be homed.

Circle-related distance specifications

All circle-related distance specifications are always interpreted as radius specifications. This
must be taken into account particularly for transverse axes with activated diameter
programming (p1aMon/DIAM90).

Traversing distance reduction

If the specified traversing distance of an axis is limited, the traversing distance of the other
axes is also reduced proportionally in the <maxpist> return value. The resulting end point is
therefore still on the specified path.

Rotary axes

Rotary axes are only monitored when they are not modulo rotary axes.

It is permissible that no software limit switches, working area limits or protection zones are
defined for one or more of the relevant axes.

Software limit switch and working area limitation status

Software limit switches and working area limits are only taken into account if they are active
during the execution of carcrosz (). The status can be influenced, for example, via:

® Machine data: MD21020 $MC_WORKAREA_WITH_TOOL_RADIUS
e Setting data: $AC_WORKAREA_CS._...
® NC/PLC interface signals DB31, ... DBX12.2/ 3

e Commands: GWALIMON/WALIMOF

Software limit switches and transformations

With carcrost (), the positions of the machine axes (MCS) cannot always be clearly
determined from the positions of the geometry axes (WCS) during various kinematic
transformations (e.g. TransmiT) because of ambiguities at certain positions of the traversing
distance. In normal traversing operation, the uniqueness generally results from the history
and the condition that a continuous motion in the WCS must correspond to a continuous
motion in the MCS. Therefore, when monitoring the software limit switches, the machine
position at the time when carcrosz () is executed is used to resolve the ambiguity in such
cases.

Note
Preprocessing stop
When using carcrosz () in conjunction with transformations, it is the sole responsibility of the

user to program a preprocessing stop (stoere) with the preprocessing before cancrost () for
the synchronization of the machine axis positions.
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2.3 Protection zones

References

142

Protection zone clearance and conventional protection zones

With conventional protection zones, there is no guarantee that the safety clearance set in
<Limit>[3] is maintained for all protection zones during a traversing movement on the
specified path. It is only guaranteed that no protection zone will be violated when the end
point returned in <Dist> is extended by the safety clearance in the traversing direction.
However, the straight line can pass very close to a protection zone.

Protection zone clearance and collision avoidance protection zones

With collision avoidance protection zones, there is a guarantee that the safety clearance set
in <Limit>[3] iS Maintained for all protection zones during a traversing movement on the
specified path.

The safety clearance specified in <rinit>[3] only takes effect when the following applies:
<Limit>[3] > (MD10619 $MN_COLLISION_TOLERANCE)

If bit 4 is set in <Testnim> (see above) (value 16) (calculation of the further direction), then
the direction vector received in _MOVDIST is only valid when the hundred thousands digit is
set in the function return value (status). If such a direction cannot be determined because
either protection zones have been violated or a transformation is active, the input value in
_MOVDIST remains unchanged, no further error message is issued.

® Further information on working area limitation can be found in:
Programming Manual, Fundamentals
Section "Supplementary commands" > "Working area limitation"

® Further information on software limit switches can be found in:
Function Manual, Basic Functions; (A3) Axis monitoring, protection zones,
Section "Axis monitoring" > "Limit switch monitoring"

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1



A3: Axis Monitoring, Protection Zones

2.4 Supplementary conditions

24 Supplementary conditions
241 Axis monitoring functions
Settings

For correct operation of the monitoring, the following settings must be made or checked, in
addition to the machine data mentioned:

General

e MD31030 $MA_LEADSCREW_PITCH (leadscrew pitch)

MD31050 $MA_DRIVE_AX_RATIO_DENOM (denominator load gearbox)

e MD31060 $MA_DRIVE_AX_RATIO_NUMERA (numerator load gearbox)

e MD31070 $MA_DRIVE_ENC_RATIO_DENOM (denominator measuring gearbox)
e MD31080 $MA_DRIVE_ENC_RATIO_NUMERA (numerator measuring gearbox)

e MD32810 $MA_EQUIV_SPEEDCTRL_TIME (equivalent time constant speed control loop
for feedforward control)

® Encoder resolution

For the appropriate machine data, see Section "G2: Velocities, setpoint / actual value
systems, closed-loop control (Page 307)".

Only drives with analog speed setpoint interface
e MD32260 $MA_RATED_VELO (rated motor speed)
e MD32250 $MA_RATED_OUTVAL (rated output voltage)

2.5 Examples
2.5.1 Axis monitoring functions
2511 Working area limitation in WCS/SZS

Available channel axes
Four axes are defined in the channel: X, Y, Zand A

The A-axis is a rotary axis (not modulo).
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2.5 Examples

Parameterize the number of working area limitation groups
Three working area limitation groups will be provided:
MD28600 $MC_MM_NUM_WORKAREA_CS_GROUP =3

Define the working area limitation groups
Additionally two working area limitation groups will be defined:
Working area limitation group 1

In the first working area limitation group the axes in the SZS coordinate system will be
limited:

e X axis in the plus direction: 10 mm

e X axis in the minus direction: No limitation
® Y axis in the plus direction: No limitation
® Y axis in the minus direction: 25 mm

® 7 axis in the plus direction: No limitation

® 7 axis in the minus direction: No limitation
® A axis in the plus direction: 10 degrees

® A axis in the minus direction: -40 degrees

The system variables are assigned as follows:

Program code Comment

N1 $P_WORKAREA CS COORD_ SYSTEM[1]=3 ; The working area limitation of the working area
limitation group 1 applies in the SZS.

N10 $P_WORKAREA CS PLUS ENABLE [1,X]=TRUE
N1l $P_WORKAREA CS LIMIT PLUS[1,X]=10

N12 $P_WORKAREA CS MINUS ENABLE [1,X]=FALSE
N20 $P_WORKAREA CS PLUS ENABLE[1,Y]=FALSE
N22 $P_WORKAREA CS MINUS_ ENABLE [1,Y]=TRUE
N23 $P_WORKAREA CS LIMIT MINUS([1,Y]=25

N30 $P_WORKAREA CS PLUS ENABLE[1,Z]=FALSE
N32 $P_WORKAREA CS MINUS ENABLE[1,Z] =FALSE
N40 $P_WORKAREA CS PLUS ENABLE [1,A]=TRUE
N41 $P_WORKAREA CS LIMIT PLUS[1,A]=10

N42 $P_WORKAREA CS MINUS_ ENABLE [1,A] =TRUE
N43 $P_WORKAREA CS LIMIT MINUS[1,A]=-40
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Working area limitation group 2

2.5 Examples

In the second working area limitation group the axes in the WCS coordinate system can be
limited:

e X axis in the plus direction: 10 mm

® X axis in the minus direction: No limitation

® Y axis in the plus direction: 34 mm

® Y axis in the minus direction: -25 mm

® 7 axis in the plus direction: No limitation

® 7 axis in the minus direction: -600 mm

® A axis in the plus direction: No limitation

® A axis in the minus direction: No limitation

The system variables are assigned as follows:

Program code

Comment

N51

N60
N61
N62

N70
N73
N72
N73
N80
N82
N83
NSO
No2

$P_WORKAREA CS COORD SYSTEM[2]=1

$P_WORKAREA_ CS_PLUS_ENABLE [2, X] =TRUE
$P_WORKAREA CS_LIMIT PLUS([2,X]=10

$P_WORKAREA CS_MINUS_ ENABLE [2,X]=FALSE

$P _WORKAREA CS PLUS ENABLE [2,Y]=TRUE
$P WORKAREA CS LIMIT PLUS[2,Y]=34

$P WORKAREA CS_MINUS ENABLE [2,Y]=TRUE
$P_WORKAREA CS LIMIT MINUS[2,Y]=-25
$P WORKAREA CS PLUS ENABLE [2, Z] =FALSE
$P_WORKAREA CS_MINUS ENABLE [2,Z] =TRUE
$P_WORKAREA CS LIMIT PLUS[2,Z]=-600
$P WORKAREA CS PLUS ENABLE [2,A] =FALSE

$P_WORKAREA CS_MINUS_ ENABLE [2,A] =FALSE

Activate working area limitation group 2

; The working area limitation of working
area limitation group 2 applies in the
WCS.

In order to activate the working area limitation group 2, the following instruction must exist in
the part program:

N100 WALCS2
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2.5 Examples
25.2 Protection zones
2521 Definition and activation of protection zones

Requirement
The following internal protection zones are to be defined for a turning machine:

® One machine- and workpiece-related protection zone for the spindle chuck, without
limitation in the third dimension

® One channel-specific protection zone for the workpiece, without limitation in the third
dimension

® One channel-specific, tool-related protection zone for the toolholder, without limitation in
the third dimension

The workpiece zero is placed on the machine zero to define the protection zone for the
workpiece.

When activated, the protection zone is then offset by 100 mm in the Z axis in the positive
direction.

Start point
X A Protegtion zone Toolholder
for spindle chuck
40 Start point
+100 X V
-|— — +80
Start point — |

] I

| | Drill
'\f& d : | . l
A _ (. ) ) — - — -
1/ Q | 1| @

L
L

U I

L=
— | )
| Protection zone
-100 — *1&) . Protection zone for toolholder
for workpiece
-X [~ 110

Figure 2-15 Example of protection zones on a turning machine
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Protection zone definition in the part program

Table 2- 1

Program code

2.5 Examples

Part program excerpt for protection zone definition:

Comment

DEF INT AB
G18
NPROTDEF (1, FALSE, 0,0,0)

G01 X100 ZO
GO01 X-100 ZO
G01 X-100 Z110
G01 X100 Z110
GO01 X100 ZO
EXECUTE (AB)

CPROTDEF (1, FALSE, 0,0,0)
G01 X80 ZO0
G01 X-80 ZO0
G01 X-80 Z40
G01 X80 Z40
G01 X80 zO0
EXECUTE (AB)

CPROTDEF (2, TRUE, 0,0, 0)

G01 X0 Z-50

G01 X-190 Z-50
G03 X-210 Z-30 I-20
G01 X-210 Z20
G01 X0 Z50

G01 X0 Z-50

EXECUTE (AB)

Protection zone definition with system variables

Definition of the working plane

Start of definition: Protection zone for spindle

chuck

Contour definition: 1. Contour element
Contour definition: 2. Contour element
Contour definition: 3. Contour element
Contour definition: 4. Contour element
Contour definition: 5. Contour element

End of definition: Protection zone for spindle

chuck

Start of definition: Protection zone for workpiece

Contour definition: 1. Contour element
Contour definition: 2. Contour element
Contour definition: 3. Contour element
Contour definition: 4. Contour element
Contour definition: 5. Contour element

End of definition: Protection zone for workpiece

Start of definition: Protection zone for

toolholder

Contour definition: 1. Contour element
Contour definition: 2. Contour element
Contour definition: 3. Contour element
Contour definition: 4. Contour element
Contour definition: 5. Contour element
Contour definition: 6. Contour element

End of definition: Protection zone for toolholder

Remark

Table 2- 2 Protection zone: Spindle chuck
System variable Valu
e

$SN_PA_ACTIV_IMMEDI0] 0

; Protection zone for spindle chuck not immediately active

$SN_PA_T_WIO] "

; Machine-related protection zone for spindle chuck

$SN_PA_ORI[0] 1 ; Orientation of the protection zone: 1= 3. 1= 3rd and 1st
geometry axis
$SN_PA_LIM_3DIM[0] 0 ; Type of limitation in the third dimension: 0 = No limit

$SN_PA_PLUS_LIM[0]

; Value of the limit in the positive direction in the 3rd
dimension
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2.5 Examples

System variable Valu | Remark
e

$SN_PA_MINUS_LIM[0] 0 ; Value of the limitation in the negative direction in the 3rd

dimension
$SN_PA_CONT_NUMIO] 4 ; Number of valid contour elements
$SN_PA_CONT_TYP[0,0] 1 ; Contour typeli] : 1 = G1 for even,

; Protection zone for spindle chuck, contour element 0
$SN_PA_CONT_TYP[0,1] 1 ; Contour typeli] : 1 = G1 for even,

; Protection zone for spindle chuck, contour element 1
$SN_PA_CONT_TYP[0,2] 1 ; Contour typel[i] : 1 = G1 for even,

; Protection zone for spindle chuck, contour element 2
$SN_PA_CONT_TYP[0,3] 1 ; Contour typel[i] : 1 = G1 for even,

; Protection zone for spindle chuck, contour element 3
$SN_PA_CONT_TYP[0,4] 0 ; Contour typeli] : 0 = not defined,

; Protection zone for spindle chuck, contour element 4
$SN_PA_CONT_TYP[0,5] 0 ; Contour typeli] : 0 = not defined,

; Protection zone for spindle chuck, contour element 5
$SN_PA_CONT_TYP[0,6] 0 ; Contour typeli] : 0 = not defined,

; Protection zone for spindle chuck, contour element 6
$SN_PA_CONT_TYP[0,7] 0 ; Contour typeli] : 0 = not defined,

; Protection zone for spindle chuck, contour element 7
$SN_PA_CONT_TYP|0,8] 0 ; Contour type[i] : 0 = not defined,

; Protection zone for spindle chuck, contour element 8
$SN_PA_CONT_TYP[0,9] 0 ; Contour type[i] : 0 = not defined,

; Protection zone for spindle chuck, contour element 9

$SN_PA_CONT_ORDI[0,0] -100 | ; Endpoint of contour[i], ordinate value
; Protection zone for spindle chuck, contour element 0

$SN_PA_CONT_ORD[0,1] -100 | ; Endpoint of contour[i], ordinate value
; Protection zone for spindle chuck, contour element 1

$SN_PA_CONT_ORD[0,2] 100 |; Endpoint of contour{i], ordinate value
; Protection zone for spindle chuck, contour element 2

$SN_PA_CONT_ORDI0,3] 100 |; Endpoint of contour[i], ordinate value
; Protection zone for spindle chuck, contour element 3

$SN_PA_CONT_ORDI[0,4] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for spindle chuck, contour element 4
$SN_PA_CONT_ORDI0,5] 0 ; Endpoint of contour]i], ordinate value

; Protection zone for spindle chuck, contour element 5
$SN_PA_CONT_ORDI0,6] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for spindle chuck, contour element 6
$SN_PA_CONT_ORDI[0,7] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for spindle chuck, contour element 7
$SN_PA_CONT_ORDI0,8] 0 ; Endpoint of contour]i], ordinate value

; Protection zone for spindle chuck, contour element 8
$SN_PA_CONT_ORDI0,9] 0 ; Endpoint of contour]i], ordinate value

; Protection zone for spindle chuck, contour element 9
$SN_PA_CONT_ABSJ0,0] 0 ; Endpoint of contour]i], abscissa value

; Protection zone for spindle chuck, contour element 0

$SN_PA_CONT_ABSJ0,1] 110 |; Endpoint of contour[i], abscissa value
; Protection zone for spindle chuck, contour element 1
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Basic Functions

2.5 Examples

System variable Valu | Remark
e

$SN_PA_CONT_ABSI0,2] 110 |; Endpoint of contour{i], abscissa value

; Protection zone for spindle chuck, contour element 2
$SN_PA_CONT_ABSI0,3] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for spindle chuck, contour element 3
$SN_PA_CONT_ABSJ0,4] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for spindle chuck, contour element 4
$SN_PA_CONT_ABSI0,5] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for spindle chuck, contour element 5
$SN_PA_CONT_ABSI0,6] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for spindle chuck, contour element 6
$SN_PA_CONT_ABSJ[0,7] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for spindle chuck, contour element 7
$SN_PA_CONT_ABSJ0,8] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for spindle chuck, contour element 8
$SN_PA_CONT_ABSJ[0,9] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for spindle chuck, contour element 9
$SN_PA_CENT_ORDI0,0] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for spindle chuck, contour element 0
$SN_PA_CENT_ORDJ[0.1] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for spindle chuck, contour element 1
$SN_PA_CENT_ORDI0,2] 0 ; Midpoint of contourf[i], ordinate value

; Protection zone for spindle chuck, contour element 2
$SN_PA_CENT_ORDI0,3] 0 ; Midpoint of contourf[i], ordinate value

; Protection zone for spindle chuck, contour element 3
$SN_PA_CENT_ORDI0,4] 0 ; Midpoint of contourf[i], ordinate value

; Protection zone for spindle chuck, contour element 4
$SN_PA_CENT_ORDI0,5] 0 ; Midpoint of contourf[i], ordinate value

; Protection zone for spindle chuck, contour element 5
$SN_PA_CENT_ORDI0,6] 0 ; Midpoint of contourf[i], ordinate value

; Protection zone for spindle chuck, contour element 6
$SN_PA_CENT_ORDI0,7] 0 ; Midpoint of contour{i], ordinate value

; Protection zone for spindle chuck, contour element 7
$SN_PA_CENT_ORDI0,8] 0 ; Midpoint of contour{i], ordinate value

; Protection zone for spindle chuck, contour element 8
$SN_PA_CENT_ORDI0,9] 0 ; Midpoint of contour{i], ordinate value

; Protection zone for spindle chuck, contour element 9
$SN_PA_CENT_ABSJ0,0] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 0
$SN_PA_CENT_ABSJ0.1] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 1
$SN_PA_CENT_ABSJ0,2] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 2
$SN_PA_CENT_ABSI0,3] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 3
$SN_PA_CENT_ABSJ0,4] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 4
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System variable Valu | Remark
e

$SN_PA_CENT_ABSJ0,5] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 5
$SN_PA_CENT_ABSJ0,6] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 6
$SN_PA_CENT_ABSJ[0,7] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 7
$SN_PA_CENT_ABSJ0,8] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 8
$SN_PA_CENT_ABSJ[0,9] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for spindle chuck, contour element 9

Table 2- 3 Protection zone: Workpiece and toolholder
System variable Valu | Remark
e
$SN_PA_ACTIV_IMMEDI[O0] 0 ; Protection zone for workpiece not immediately active
$SN_PA_ACTIV_IMMED[1] 0 ; Protection zone for toolholder not immediately active
$SC_PA_TWIO0] " ; Protection zone for workpiece, channel-specific
$SC_PA_TWI[1] 'HO1' | ; Protection zone for toolholder, channel-specific
$SC_PA_ORI[0] 1 ; Orientation of the protection zone: 1= 3. and first geometry
axis
; Protection zone for workpiece
$SC_PA_ORI[1] 1 ; Orientation of the protection zone: 1= 3. and first geometry
axis
; Protection zone for tool holder
$SC_PA_LIM_3DIM[0] 0 ; Type of limitation in the third dimension: 0 = no limitation
; Protection zone for workpiece toolholder 0
$SC_PA_LIM_3DIM[1] 0 ; Type of limitation in the third dimension: 0 = no limitation
; Protection zone for toolholder
$SC_PA_PLUS_LIM[0] 0 ; Value of limitation in positive direction in the third dimension
; Protection zone for workpiece
$SC_PA_PLUS_LIM[1] 0 ; Value of limitation in positive direction in the third dimension
; Protection zone for toolholder
$SC_PA_MINUS_LIM[0] 0 ; Value of limitation in negative direction in the third dimension
; Protection zone for workpiece
$SC_PA_MINUS_LIM[1] 0 ; Value of limitation in negative direction in the third dimension
; Protection zone for toolholder
$SC_PA_CONT_NUMIO] 4 ; Number of valid contour elements
; Protection zone for workpiece
$SC_PA_CONT_NUMI[1] 5 ; Number of valid contour elements

; Protection zone for toolholder 1

$SN_PA_CONT_TYP[0,0]

—_

; Contour typeli] : 1 = G1 for even
; Protection zone for workpiece, contour element 0

$SN_PA_CONT_TYP[0,1]

—_

; Contour typeli] : 1 = G1 for even
; Protection zone for workpiece, contour element 1
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; Protection zone for workpiece, contour element 4

System variable Valu | Remark
e

$SN_PA_CONT_TYP[0,2] 1 ; Contour typel[i] : 1 = G1 for even

; Protection zone for workpiece, contour element 2
$SN_PA_CONT_TYP[0,3] 1 ; Contour typel[i] : 1 = G1 for even

; Protection zone for workpiece, contour element 3
$SN_PA_CONT_TYP[0,4] 1 ; Contour typel[i] : 1 = G1 for even

; Protection zone for workpiece, contour element 4
$SN_PA_CONT_TYP[0,5] 0 ; Contour typeli] : 0 = not defined

; Protection zone for workpiece, contour element 5
$SN_PA_CONT_TYP[0,6] 0 ; Contour typeli] : 0 = not defined

; Protection zone for workpiece, contour element 6
$SN_PA_CONT_TYP[0,7] 0 ; Contour typeli] : 0 = not defined

; Protection zone for workpiece, contour element 7
$SN_PA_CONT_TYP|0,8] 0 ; Contour typeli] : 0 = not defined

; Protection zone for workpiece, contour element 8
$SN_PA_CONT_TYP[0,9] 0 ; Contour typeli] : 0 = not defined

; Protection zone for workpiece, contour element 9
$SN_PA_CONT_TYP[1,0] 1 ; Contour typeli] : 1 = G1 for even

: Protection zone for toolholder, contour element O
$SN_PA_CONT_TYP[1,1] 3 ; Contour typeli] : 3 = G3 for circuit element, counter-clockwise

: Protection zone for toolholder, contour element 1
$SN_PA_CONT_TYP[1,2] 1 ; Contour typeli] : 1 = G1 for even

: Protection zone for toolholder, contour element 2
$SN_PA_CONT_TYP[1,3] 1 ; Contour typeli] : 1 = G1 for even

: Protection zone for toolholder, contour element 3
$SN_PA_CONT_TYP[1,4] 1 ; Contour typeli] : 1 = G1 for even

: Protection zone for toolholder, contour element 4
$SN_PA_CONT_TYP[1,5] 0 ; Contour typeli] : 0 = not defined

: Protection zone for toolholder, contour element 5
$SN_PA_CONT_TYPI[1,6] 0 ; Contour typeli] : 0 = not defined

: Protection zone for toolholder, contour element 6
$SN_PA_CONT_TYP[1,7] 0 ; Contour typeli] : 0 = not defined

; Protection zone for toolholder, contour element 7
$SN_PA_CONT_TYP[1,8] 0 ; Contour typeli] : 0 = not defined

; Protection zone for toolholder, contour element 8
$SN_PA_CONT_TYP[1,9] 0 ; Contour typeli] : 0 = not defined

; Protection zone for toolholder, contour element 9
$SN_PA_CONT_ORDI0,0] -80 | ; Endpoint of contour[i], ordinate value

; Protection zone for workpiece, contour element 0
$SN_PA_CONT_ORDI[0,1] -80 | ; Endpoint of contour[i], ordinate value

; Protection zone for workpiece, contour element 1
$SN_PA_CONT_ORDI0,2] 80 ; Endpoint of contourfi], ordinate value

; Protection zone for workpiece, contour element 2
$SN_PA_CONT_ORDI0,3] 80 ; Endpoint of contourfi], ordinate value

; Protection zone for workpiece, contour element 3
$SN_PA_CONT_ORDI0,4] 0 ; Endpoint of contourfi], ordinate value
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System variable Valu | Remark
e

$SN_PA_CONT_ORDI0,5] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for workpiece, contour element 5
$SN_PA_CONT_ORDI0,6] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for workpiece, contour element 6
$SN_PA_CONT_ORDI[0,7] 0 ; Endpoint of contour]i], ordinate value

; Protection zone for workpiece, contour element 7
$SN_PA_CONT_ORDI[0,8] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for workpiece, contour element 8
$SN_PA_CONT_ORDI[0,9] 0 ; Endpoint of contour][i], ordinate value

; Protection zone for workpiece, contour element 9
$SN_PA_CONT_ORDI1,0] -190 | ; Endpoint of contourf[i], ordinate value

; Protection zone for toolholder, contour element 0
$SN_PA_CONT_ORDI[1,1] -210 | ; Endpoint of contourf[i], ordinate value

; Protection zone for toolholder, contour element 1
$SN_PA_CONT_ORDI[1,2] -210 | ; Endpoint of contourf[i], ordinate value

; Protection zone for toolholder, contour element 2
$SN_PA_CONT_ORDI[1,3] 0 ; Endpoint of contour]i], ordinate value

; Protection zone for toolholder, contour element 3
$SN_PA_CONT_ORDI[1,4] 0 ; Endpoint of contour]i], ordinate value

: Protection zone for toolholder, contour element 4
$SN_PA_CONT_ORDI1,5] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 5
$SN_PA_CONT_ORDI1,6] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 6
$SN_PA_CONT_ORDI[1,7] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 7
$SN_PA_CONT_ORDI1,8] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 8
$SN_PA_CONT_ORDI1,9] 0 ; Endpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 9
$SN_PA_CONT_ABSJ0,0] 0 ; Endpoint of contourl[i], abscissa value

; Protection zone for workpiece, contour element 0
$SN_PA_CONT_ABSJ[0,1] 40 ; Endpoint of contour][i], abscissa value

; Protection zone for workpiece, contour element 1
$SN_PA_CONT_ABSJ0,2] 40 ; Endpoint of contour][i], abscissa value

; Protection zone for workpiece, contour element 2
$SN_PA_CONT_ABSJ0,3] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 3
$SN_PA_CONT_ABSJ[0,4] -50 | ; Endpoint of contour[i], abscissa value

; Protection zone for workpiece, contour element 4
$SN_PA_CONT_ABSJ0,5] 0 ; Endpoint of contourl[i], abscissa value

; Protection zone for workpiece, contour element 5
$SN_PA_CONT_ABSJ0,6] 0 ; Endpoint of contourl[i], abscissa value

; Protection zone for workpiece, contour element 6
$SN_PA_CONT_ABSJ[0,7] 0 ; Endpoint of contourl[i], abscissa value

; Protection zone for workpiece, contour element 7
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2.5 Examples

System variable Valu | Remark
e

$SN_PA_CONT_ABSJ0,8] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 8
$SN_PA_CONT_ABSJ0,9] 0 ; Endpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 9
$SN_PA_CONT_ABSI[1,0] -50 | ; Endpoint of contour[i], abscissa value

; Protection zone for toolholder, contour element 0
$SN_PA_CONT_ABSI[1,1] -30 | ; Endpoint of contour[i], abscissa value

; Protection zone for toolholder, contour element 1
$SN_PA_CONT_ABSI[1,2] 20 ; Endpoint of contourfi], abscissa value

; Protection zone for toolholder, contour element 2
$SN_PA_CONT_ABSJ[1,3] 50 ; Endpoint of contour]i], abscissa value

: Protection zone for toolholder, contour element 3
$SN_PA_CONT_ABSJ[1,4] -50 | ; Endpoint of contourf[i], abscissa value

: Protection zone for toolholder, contour element 4
$SN_PA_CONT_ABSI[1,5] 0 ; Endpoint of contourfi], abscissa value

: Protection zone for toolholder, contour element 5
$SN_PA_CONT_ABSI[1,6] 0 ; Endpoint of contourfi], abscissa value

: Protection zone for toolholder, contour element 6
$SN_PA_CONT_ABS[1,7] 0 ; Endpoint of contourfi], abscissa value

: Protection zone for toolholder, contour element 7
$SN_PA_CONT_ABSI[1,8] 0 ; Endpoint of contourfi], abscissa value

: Protection zone for toolholder, contour element 8
$SN_PA_CONT_ABSI[1,9] 0 ; Endpoint of contourfi], abscissa value

: Protection zone for toolholder, contour element 9
$SN_PA_CENT_ORDI0,0] 0 ; Midpoint of contourf[i], ordinate value

; Protection zone for workpiece, contour element 0
$SN_PA_CENT_ORDI[0.1] -190 |; Midpoint of contourfi], ordinate value

; Protection zone for workpiece, contour element 1
$SN_PA_CENT_ORDI0,2] 0 ; Midpoint of contourf[i], ordinate value

; Protection zone for workpiece, contour element 2
$SN_PA_CENT_ORDI0,3] 0 ; Midpoint of contour{i], ordinate value

; Protection zone for workpiece, contour element 3
$SN_PA_CENT_ORDI[0,4] 0 ; Midpoint of contour{i], ordinate value

; Protection zone for workpiece, contour element 4
$SN_PA_CENT_ORDI0,5] 0 ; Midpoint of contour{i], ordinate value

; Protection zone for workpiece, contour element 5
$SN_PA_CENT_ORDI0,6] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for workpiece, contour element 6
$SN_PA_CENT_ORDI0,7] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for workpiece, contour element 7
$SN_PA_CENT_ORDI0,8] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for workpiece, contour element 8
$SN_PA_CENT_ORDI0,9] 0 ; Midpoint of contour[i], ordinate value

; Protection zone for toolholder, contour element 9
$SN_PA_CENT_ORDI1.0] 0 ; Midpoint of contour[i], ordinate value

: Protection zone for toolholder, contour element O
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System variable Valu | Remark
e

$SN_PA_CENT_ORDI[1.1] -190 | ; Midpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 1
$SN_PA_CENT_ORDI[1.2] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 2
$SN_PA_CENT_ORDI[1.3] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 3
$SN_PA_CENT_ORDI[1.4] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 4
$SN_PA_CENT_ORDI[1.5] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 5
$SN_PA_CENT_ORDI1.6] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 6
$SN_PA_CENT_ORDI[1.7] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 7
$SN_PA_CENT_ORDI[1.8] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 8
$SN_PA_CENT_ORDI[1.9] 0 ; Midpoint of contourfi], ordinate value

; Protection zone for toolholder, contour element 9
$SN_PA_CENT_ABSI0,0] 0 ; Midpoint of contourli], abscissa value

; Protection zone for workpiece, contour element 0
$SN_PA_CENT_ABSJ0.1] -30 ; Midpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 1
$SN_PA_CENT_ABSI0,2] 0 ; Midpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 2
$SN_PA_CENT_ABSI0,3] 0 ; Midpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 3
$SN_PA_CENT_ABSJ0,4] 0 ; Midpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 4
$SN_PA_CENT_ABSI0,5] 0 ; Midpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 5
$SN_PA_CENT_ABSJ0,6] 0 ; Midpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 6
$SN_PA_CENT_ABSJ[0,7] 0 ; Midpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 7
$SN_PA_CENT_ABSJ0,8] 0 ; Midpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 8
$SN_PA_CENT_ABSJ[0,9] 0 ; Midpoint of contourfi], abscissa value

; Protection zone for workpiece, contour element 9
$SN_PA_CENT_ABSJ[1.0] 0 ; Midpoint of contourfi], abscissa value

; Protection zone for toolholder, contour element 0
$SN_PA_CENT_ABS[1.1] -30 |; Midpoint of contour(i], abscissa value

; Protection zone for toolholder, contour element 1
$SN_PA_CENT_ABS[1.2] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for toolholder, contour element 2
$SN_PA_CENT_ABS[1.3] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for toolholder, contour element 3
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2.6 Data lists
System variable Valu | Remark
e

$SN_PA_CENT_ABSI[1.4] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for toolholder, contour element 4
$SN_PA_CENT_ABSJ[1.5] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for toolholder, contour element 5
$SN_PA_CENT_ABSI[1.6] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for toolholder, contour element 6
$SN_PA_CENT_ABSJ[1.7] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for toolholder, contour element 7
$SN_PA_CENT_ABSJ[1.8] 0 ; Midpoint of contourf[i], abscissa value

; Protection zone for toolholder, contour element 8
$SN_PA_CENT_ABSI[1.9] 0 ; Midpoint of contourf[i], abscissa value

: Protection zone for toolholder, contour element 9

Activation
Table 2- 4 Part program excerpt for activating the three protection zones for spindle chuck,
workpiece, and toolholder:
Program code Comment
NPROT (1, 2, 0, 0, 0) Protection zone: Spindle chuck
CPROT (1, 2, 0, 0, 100) Protection zone: Workpiece with 100 mm offset
in the Z axis
CPROT (2, 2, 0, 0, 0) Protection zone: Toolholder
2.6 Data lists
2.6.1 Machine data
26.1.1 NC-specific machine data
Axis monitoring
Number Identifier: $MN_ Description
10604 WALIM_GEOAX_CHANGE_MODE Working area limitation during switchover of geometry
axes
10710 PROG_SD_RESET_SAVE_TAB Setting data to be updated

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1 155



A3: Axis Monitoring, Protection Zones

2.6 Data lists

Protection zones

Number Identifier: SMN_ Description
10618 PROTAREA_GEOAX_CHANGE_MODE
18190 MM_NUM_PROTECT_AREA_NCK

Protection zone for switchover of geo axes

Number of files for machinerelated protection zones

2.6.1.2 Channelspecific machine data

Axis monitoring functions

Number Identifier: $MC_

Description

20150 GCODE_RESET_VALUES

Initial setting of the G groups

21020 WORKAREA_WITH_TOOL_RADIUS

Allowance for tool radius with working area limitation

24130 TRAFO_INCLUDES_TOOL_1

Tool handling with active transformation 1.

24230 TRAFO_INCLUDES_TOOL _2

Tool handling with active transformation 2.

24330 TRAFO_INCLUDES_TOOL_3

Tool handling with active transformation 3.

24426 TRAFO_INCLUDES_TOOL _4

Tool handling with active transformation 4.

24436 TRAFO_INCLUDES_TOOL_5

Tool handling with active transformation 5.

24446 TRAFO_INCLUDES_TOOL_6

Tool handling with active transformation 6.

24456 TRAFO_INCLUDES_TOOL _7

Tool handling with active transformation 7.

24466 TRAFO_INCLUDES_TOOL_8

Tool handling with active transformation 8.

24476 TRAFO_INCLUDES_TOOL _9

Tool handling with active transformation 9.

24486 TRAFO_INCLUDES_TOOL_10

Tool handling with active transformation 10.

25106 TRAFO_INCLUDES_TOOL_11

Tool handling with active transformation 11.

25116 TRAFO_INCLUDES_TOOL_12

Tool handling with active transformation 12.

25126 TRAFO_INCLUDES_TOOL_13

Tool handling with active transformation 13.

25136 TRAFO_INCLUDES_TOOL_14

Tool handling with active transformation 14.

25146 TRAFO_INCLUDES_TOOL_15

Tool handling with active transformation 15.

25156 TRAFO_INCLUDES_TOOL_16

Tool handling with active transformation 16.

25166 TRAFO_INCLUDES_TOOL_17

Tool handling with active transformation 17.

25176 TRAFO_INCLUDES_TOOL_18

Tool handling with active transformation 18.

25186 TRAFO_INCLUDES_TOOL_19

Tool handling with active transformation 19.

25196 TRAFO_INCLUDES_TOOL_20

Tool handling with active transformation 20.

28600 MM_NUM_WORKAREA_CS_GROUPS

Number of coordinate system-specific working area

limitations
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Protection zones

2.6 Data lists

Number Identifier: $MC_ Description
28200 MM_NUM_PROTECT_AREA_CHAN (SRAM) Number of files for channelspecific protection zones
28210 MM_NUM_PROTECT_AREA_ACTIVE Number of simultaneously active protection zones in
one channel
28212 MM_NUM_PROTECT_AREA_CONTUR Elements for active protection zones (DRAM)
2.6.1.3 Axis/spindlespecific machine data

Axis monitoring functions

Number Identifier: SMA_ Description

30240 ENC_TYPE Encoder type of the actual value sensing (position actual value)
30310 ROT_IS_MODULO Modulo conversion for rotary axis / spindle

30800 WORK_AREA_CHECK_TYPE Type of checking of working area limits

32200 POSCTRL_GAIN [n] Servo gain factor

32250 RATED_OUTVAL Rated output voltage

32260 RATED_VELO Rated motor speed

32300 MAX_AX_ACCEL Maximum axis acceleration

32800 EQUIV_CURRCTRL_TIME Equivalent time constant current control loop for feedforward control
32810 EQUIV_SPEEDCTRL_TIME Equivalent time constant speed control loop for feedforward control
32910 DYN_MATCH_TIME [n] Time constant for dynamic response adaptation

35160 SPIND_EXTERN_VELO_LIMIT Spindle speed limitation via PLCC

36000 STOP_LIMIT_COARSE Exact stop coarse

36010 STOP_LIMIT_FINE Exact stop fine

36020 POSITIONING_TIME Delay time exact stop fine

36030 STANDSTILL_POS_TOL Zero speed tolerance

36040 STANDSTILL_DELAY_TIME Delay time zero-speed monitoring

36050 CLAMP_POS_TOL Clamping tolerance with 1S "Clamping active"

36052 STOP_ON_CLAMPING Special functions for clamped axis

36060 STANDSTILL_VELO_TOL Maximum velocity/speed "Axis/spindle stationary"

36100 POS_LIMIT_MINUS 1st software limit switch minus

36110 POS_LIMIT_PLUS 1st software limit switch plus

36120 POS_LIMIT_MINUS2 2nd software limit switch minus

36130 POS_LIMIT_PLUS2 2nd software limit switch plus

36200 AX_VELO_LIMIT Threshold value for velocity monitoring

36210 CTRLOUT_LIMIT Maximum speed setpoint

36220 CTRLOUT_LIMIT_TIME Delay time for speed-setpoint monitoring

36300 ENC_FREQ_LIMIT Encoder limit frequency
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2.6 Data lists

Number Identifier: $MA_ Description

36302 ENC_FREQ_LIMIT_LOW Encoder limit frequency for encoder resynchronization
36310 ENC_ZERO_MONITORING Zero-mark monitoring

36312 ENC_ABS_ZEROMON_WARNING Zero-mark monitoring warning threshold

36400 CONTOUR_TOL Tolerance band contour monitoring

36500 ENC_CHANGE_TOL Maximum tolerance for position actual value switchover
36510 ENC_DIFF_TOL Measuring system synchronism tolerance

36600 BRAKE_MODE_CHOICE Deceleration behavior on hardware limit switch

36610 AX_EMERGENCY_STOP_TIME Maximum duration of the braking ramp for faults
36620 SERVO_DISABLE_DELAY_TIME Cutout delay controller enable

Protection zones

2.6.2

2.6.2.1

None

Setting data

Axis/spindlespecific setting data

Axis monitoring functions

Number Identifier: $SA_ Description

43400 WORKAREA_PLUS_ENABLE Working-area limitation active in positive direction
43410 WORKAREA_MINUS_ENABLE Working-area limitation active in negative direction
43420 WORKAREA_LIMIT_PLUS Working-area limitation plus

43430 WORKAREA_LIMIT_MINUS Working-area limitation minus

Protection zones
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2.6.3 Signals

2.6.31 Signals to channel

Axis monitoring functions

None

Protection zones

2.6 Data lists

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

Enable protection zones

DB21, ... .DBX1.1

DB3200.DBX1.1

Feed disable

DB21, ... .DBX6.0

DB3200.DBX6.0

Activate machinerelated protection zones 1-8

DB21, ... .DBX8.0-7

DB3200.DBX8.0-7

Activate machinerelated protection zone 9

DB21, ... .DBX9.0

DB3200.DBX9.0

Activate machinerelated protection zone 10

DB21, ... .DBX9.1

DB3200.DBX9.1

Activate channelspecific protection zone 1-8

DB21, ... .DBX10.0-7

DB3200.DBX10.0-7

Activate channelspecific protection zone 9

DB21, ... .DBX11.0

DB3200.DBX11.0

Activate channelspecific protection zone 10

DB21, ... .DBX11.1

DB3200.DBX11.1

2.6.3.2 Signals from channel

Axis monitoring functions

None

Protection zones

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

Machinerelated protection zones 1-8 preactivated

DB21, ... .DBX272.0-7

DB3300.DBX8.0-7

Machinerelated protection zone 9 preactivated

DB21, ... .DBX273.0

DB3300.DBX9.0

Machinerelated protection zone 10 preactivated

DB21, ... .DBX273.1

DB3300.DBX9.1

Channelspecific protection zones 1-8 preactivated

DB21, ... .DBX274.0-7

DB3300.DBX10.0-7

Channelspecific protection zone 9 preactivated

DB21, ... .DBX275.0

DB3300.DBX11.0

Channelspecific protection zone 10 preactivated

DB21, ... .DBX275.1

DB3300.DBX11.1

Machinerelated protection zones 1-8 violated

DB21, ... .DBX276.0-7

DB3300.DBX12.0-7

Machinerelated protection zone 9 violated

DB21, ... .DBX277.0

DB3300.DBX13.0

Machinerelated protection zone 10 violated

DB21, ... .DBX277.1

DB3300.DBX13.1

Channelspecific protection zones 1-8 violated

DB21, ... .DBX278.0-7

DB3300.DBX14.0-7

Basic Functions
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A3: Axis Monitoring, Protection Zones

2.6 Data lists

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

Channelspecific protection zone 9 violated

DB21, ... .DBX279.0

DB3300.DBX15.0

Channelspecific protection zone 10 violated

DB21, ... .DBX279.1

DB3300.DBX15.1

2.6.3.3 Signals to axis/spindle

Axis monitoring functions

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

Follow-up mode

DB31, ... .DBX1.4

DB380x.DBX1.4

Position measuring system 1/ 2

DB31, ... .DBX1.5/6

DB380x.DBX1.5/6

Controller enable

DB31, ... .DBX2.1

DB380x.DBX2.1

Clamping in progress

DB31, ... .DBX2.3

DB380x.DBX2.3

Velocity/spindle speed limitation

DB31, ... .DBX3.6

DB380x.DBX3.6

Feed stop/spindle stop

DB31, ... .DBX4.3

DB380x.DBX4.3

Hardware limit switch minus/Hardware limit switch plus

DB31, ... .DBX12.0/1

DB380x.DBX1000.0/1

Software limit switch minus / 2nd software limit switch plus

DB31, ... .DBX12.2/3

DB380x.DBX1000.2/3

Encoder limit frequency exceeded 1/ 2

DB31, ... .DBX60.2/3

DB390x.DBX0.2

Referenced/synchronized 1/ 2

DB31, ... .DBX60.4/5

DB390x.DBX0.4/5

Traverse command minus / plus

DB31, ... .DBX64.6/7

DB390x.DBX4.6/7

Protection zones

None
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B1: Continuous-path mode, Exact stop, Look Ahead

3.1 Brief Description

Exact stop or exact stop mode

In exact stop traversing mode, all axes involved in the traversing motion (except axes of
modal traversing modes) are decelerated at the end of each block until they come to a
standstill. The transition to the next block occurs only when all axes involved in the traversing
motion have reached their programmed target position with subject to the selected exact
stop criterion.

Continuous-path mode

In continuous-path mode, the NC attempts to keep the programmed path velocity as
constant as possible. In particular, deceleration of the path axes at the block limits of the part
program is to be avoided.

LookAhead
LookAhead is a function for optimizing the continuous path mode.

Smooth machining of workpieces is necessary to ensure a high-quality surface finish. For
this reason, path velocity variations should be avoided during machining whenever possible.
Without LookAhead, the NC only takes the traversing block immediately following the current
traversing block into consideration when determining the possible path velocity. If the
following block contains only a short path, the NC must reduce the path velocity (decelerate
in the current block) to be able to stop in time at the end of the next block, if necessary.

When the NC "looks ahead" over a configurable number of traversing blocks following the
current traversing block, a much higher path velocity can be attained under certain
circumstances because the NC now has considerably more traversing blocks and more path
available for calculation.

This results in the following advantages:
® Machining with higher path velocities on average

e Improved surface quality by avoiding deceleration and acceleration processes

Smoothing the path velocity

"Smoothing the path velocity" is a function especially for applications (such as high speed
milling in mold and die production) that require an extremely steady path velocity.
Deceleration and acceleration processes that would cause high-frequency excitations of
machine resonances are avoided with the "Smoothing the path velocity" function.

Basic Functions
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B1: Continuous-path mode, Exact stop, Look Ahead

3.1 Brief Description

This results in the following advantages:

® |mproved surface quality and machining time by avoiding excitation of machine
resonances.

e Constant profile of path velocity and cutting rates by avoiding "unnecessary" acceleration
processes, i.e. acceleration processes that do not greatly improve the program run time.

Adaptation of the dynamic path response

In addition to "smoothing the path velocity", "dynamic path response adaptation” is another
function for avoiding high-frequency excitations of machine resonances while optimizing the
dynamic path response at the same time. To this end, highly frequent changes in path
velocity are automatically executed with lower jerk or acceleration values than the dynamic
response limit value parameters assigned in the machine data.

Thus, with low-frequency changes in path velocity, the full dynamic response limit values
apply, whereas with high-frequency changes, only the reduced dynamic response limit
values act due to the automatic dynamic response adaptation.

Dynamic response mode for path interpolation

Optimizing the path dynamic response also includes the technology-specific dynamic
response settings which are preset for different processing technologies (including tapping,
roughing, smoothing) and can be activated in the part program by calling the respective
dynamic response mode.

Free-form surface mode

Any fluctuation in curvature or torsion leads to a change in path velocity. This generally
results in unnecessary decelerating and accelerating during the processing of free-form
surface workpieces, which may adversely affect the quality of the surfaces of the
workpieces.

The following functions are available for processing free-form surfaces.
® "Free-form surface mode: Basic functions"

This makes the definition of the path velocity profile "less sensitive" to fluctuations in
curvature and torsion.

® "Free-form surface mode: Extension function"

This extension in standard LookAhead functionality is used to calculate the path velocity
profile during the processing of free-form surfaces.

The advantages of free-form surface mode lie in a more homogeneous workpiece surface
and lower machine load.

Basic Functions
162 Function Manual, 03/2013, 6FC5397-0BP40-3BA1



B1: Continuous-path mode, Exact stop, Look Ahead

3.1 Brief Description

NC block compression

When a workpiece design is completed with a CAD/CAM system, the CAD/CAM system
generally also compiles the corresponding part program to create the workpiece surface. To
do so, most CAD/CAM systems use linear blocks to describe even curved sections of the
workpiece surface. Many interpolation points are generally necessary to maintain the
required contour accuracy. This results in many linear blocks, typically with very short paths.

The "NC block compressor" function uses polynomial blocks to perform a subsequent
approximation of the contour specified by the linear blocks. During this process, an
assignable number of linear blocks is replaced by a polynomial block. Furthermore, the
number of linear blocks that can be replaced by a polynomial block also depends on the
specified maximum permissible contour deviation and the contour profile.

Use of polynomial blocks provides the following advantages:

® Reduction of the number of required part program blocks for describing the workpiece
contour

® Higher maximum path velocities

Combine short spline blocks

A spline defines a curve which is formed from 2nd or 3rd degree polynomials. With spline
interpolation, the controller can generate a smooth curve characteristic from only a few
specified interpolation points of a set contour.

References:
Programming Manual, Advanced, Special motion commands,
chapter: Spline interpolation

The advantages of the spline interpolation as compared to the linear interpolation are:
® Reduction of the number of required part program blocks for describing a curved contour.

e Soft, mechanical system-limiting curve characteristic also during transition between the
part program blocks.

The disadvantages of the spline interpolation as compared to the linear interpolation are:

® For a spline curve no exact curve characteristic, but only a tolerance band can be
specified, within which the spline curve should lie.

As with linear interpolation, the processing of splines can produce such short blocks that the
path velocity must be reduced to enable interpolation of the spline blocks. This is alao the
case, when the spline actually has a long, smooth curve. The "Combine short spline blocks"
function allows you to combine these spline blocks such that the resulting block length is
sufficient and does not reduce the path velocity.

Note
NC block compressor

The NC block compressor (COMPON, COMPCURY or COMPCAD) cannot be employed
while compressing spline blocks since it can only be used to compress linear blocks.
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3.2 Exact stop mode

3.2

Exact stop mode

Exact stop or exact stop mode

In exact stop traversing mode, all path axes and special axes involved in the traversing
motion that are not traversed modally, are decelerated at the end of each block until they
come to a standstill. The transition to the next block occurs only when all axes involved in the
traversing motion have reached their programmed target position with subject to the selected
exact stop criterion.

This results in the following response:

® The program run time is considerably longer compared to continuous path mode due to
the deceleration of the axes and the wait time until "Exact stop" status is reached for all
machine axes involved.

® |n exact stop mode, undercuts can occur on the workpiece surface during machining.

Status "Exact stop"

Application

Activation

164

The state of the machine axis based on the position difference relative to its position setpoint
at the end of a traversing motion is also called an exact stop. The machine axis reaches the
"exact stop" state, as soon as its following error is less than the specified position difference
(exact stop criterion).

Exact stop mode should always be used when the programmed contour must be executed
exactly.

Exact stop mode can be activated on a modal basis or in blocks in the part program:

G command Meaning

G60 Exact stop with modal effect
G9 Exact stop with block-by-block effect
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B1: Continuous-path mode, Exact stop, Look Ahead

3.2 Exact stop mode

Exact stop criteria "Exact stop coarse" and "Exact stop fine".

The exact stop criteria "Exact stop coarse" and "Exact stop fine" are used to specify
tolerance windows for a machine axis reaching the "exact stop" state.

o

Exact stop fine

SET POSITION

I . >

Axis direction
negative

1T ' »
Axis direction
positive

——P
Exact stop

coarse
ACTUAL POSITION

Figure 3-1 Tolerance windows of exact stop criteria

Parameters are assigned to the two exact stop criteria via the machine data:
MD36010 $MA_STOP_LIMIT_FINE (exact stop fine)
MD36000 $MA_STOP_LIMIT_COARSE (exact stop coarse)

Note

The tolerance windows of the exact stop criteria "Exact stop coarse" and "Exact stop fine
should be assigned in such a way that the following requirement is fulfilled:

"Exact stop coarse" > "Exact stop fine"

Exact stop criterion "Interpolator End"

Basic Functions

In the case of the exact stop criterion "interpolator end" the block change to the next
traversing block takes place, as soon as all path axes and special axes involved in the
traversing motion, which do not traverse extending up to block, have reached their position
according to set point programmed in the block. That is, the interpolator has executed the
block.

The actual position and the following error of the relevant machine axes are not taken into
consideration for exact stop criterion "Interpolator end". Thus, depending on the dynamic
response of the machine axes, this can result in a relatively large smoothing of the contour at
the block changes in comparison to the exact stop criteria "Exact stop coarse" and "Exact
stop fine".
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3.2 Exact stop mode

Activation of an exact stop criterion

An exact stop criterion is activated in the part program by programming the appropriate G
command:

G command | Exact-stop criterion

G601 Exact stop fine
G602 Exact stop coarse
G603

Interpolator end

Block change depending on exact-stop criteria

The figure below illustrates the block change timing in terms of the selected exact stop
criterion.

v T Block change
With G603
|
Actual value I With G602
|

Setpoint

Figure 3-2  Block change accordance to selected exact stop criterion

Evaluation factor for exact stop criteria

A parameter set-dependent evaluation of the exact stop criteria can be specified via the
following axis-specific machine data:

MD36012 $MA_STOP_LIMIT_FACTOR (exact stop coarse/fine and standstill factor)
Applications:
e Adaptation of the positioning response to different mass ratios, such as after a gearshift

® Reduction in positioning time, depending on various machining states, such as roughing
and finishing
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B1: Continuous-path mode, Exact stop, Look Ahead
3.2 Exact stop mode

Assignable specification of the active exact stop criterion

The active exact stop criterion can be permanently specified for the part program commands
of the first G function group irrespective of the exact stop criterion programmed in the part
program. This specification can be made independently for each of the following part
program commands:

® Rapid traverse: co

® Machining commands: c1, G2, G3, CIP, ASPLINE, BSPLINE, CSPLINE, POLY, G33, G34, G35, G331,
G332, OEMIPOO01, OEMIPO02, CT

The setting is done in a channel-specific manner via the following machine data:
MD20550 $MC_EXACT_POS_MODE (exact stop conditions for GO and G1)
Coding

Each exact stop criterion is location-coded:

MD20550 $MC_EXACT_POS_MODE = <ZE>

® Ones position E: Rapid traverse

® Tens position Z: all other part program commands in the first G function group

ZorE Active exact stop criterion

0 Programmed exact stop criterion
1 G601 (Exact stop window fine)

2 G602 (Exact stop window coarse)
3 G603 (Interpolator end)

Example
MD20550 $MC_EXACT_POS_MODE = 02
Ones position = 2:

With rapid traverse, exact stop criterion G602 (Exact stop window coarse) is always active,
irrespective of any programming in the parts program.

Tens digit = 0:

For traversing with all other parts program commands of the first G function group, the exact
stop criterion programmed in the parts program is active.

Assignable exact stop criterion for rapid traverse transitions in continuous path mode

The behavior at the block transition of part program blocks before and after rapid traverse
blocks can be parameterized as follows:

MD20552 $MC_EXACT_POS_MODE_G0_TO_G1 = <value>

Value Meaning_;

0 No additional stop at the block transition.

1 Stop at block transition: Same behavior as in the case of G601 (Exact stop window fine)
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3.3 Continuous-path mode

Value | Meaning

2 Stop at block transition: Same behavior as G602 (Exact stop window coarse).

3 Stop at block transition: Same behavior as G603 (Interpolator end).

4 Like 0, in addition, the override of the next non-GO0 block is taken into account with
LookAhead in the GO block during the transition from GO to non-GO.

5 Like 0; in addition, the override of the next block is taken into account with LookAhead during
the transition from GO to non-G0 and from non-GO to GO.

3.3 Continuous-path mode

3.3.1 General functionality

Continuous-path mode

In the continuous-path mode, the path velocity is not decelerated for the block change in
order to permit the fulfillment of an exact stop criterion. The objective of this mode is to avoid
rapid deceleration of the path axes at the block-change point so that the axis velocity
remains as constant as possible when the program moves to the next block. To achieve this
objective, the "LookAhead" function is also activated when the continuous-path mode is
selected.

Continuous-path mode causes the smoothing and tangential shaping of angular block
transitions by local changes in the programmed contour. The extent of the change relative to
the programmed contour can be limited by specifying the overload factor or rounding criteria.

Continuous-path mode:
e Contour rounding.

® Reduces machining times by eliminating braking and acceleration processes that are
required to fulfill the exact-stop criterion.

e Improves cutting conditions because of the more constant velocity.
Continuous-path mode is suitable if:
e A contour must be traversed as quickly as possible (e.g. with rapid traverse).

® The exact contour may deviate from the programmed contour within a specific tolerance
for the purpose of obtaining a continuous contour

Continuous-path mode is not suitable if:
® A contour is to be traversed precisely.

e An absolutely constant velocity is required.
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Implicit exact stop

3.3 Continuous-path mode

In some cases, an exact stop needs to be generated in continuous-path mode to allow the
execution of subsequent actions. In such situations, the path velocity is reduced to zero.

If auxiliary functions are output before the traverse motion, the previous block is only
terminated when the selected exact-stop criterion is fulfilled.

If auxiliary functions are to be output after the traverse motion, they are output after the
interpolator end of the block.

If an executable block (e.g. starting of a positioning axis) contains no travel information
for the path axes, the previous block is terminated on reaching the selected exact-stop
criterion.

If a positioning axis is declared to be the geometry axis, the previous block is terminated
at the interpolator end when the geometry axis is programmed.

If a synchronized axis is programmed that was last programmed as a positioning axis or
spindle (initial setting of the special axis is positioning axis), the previous block is ended
at the interpolator end.

If the transformation is changed, the block previously processed is terminated with the
active exact-stop criterion.

A block is terminated on interpolator end if the following block contains the changeover of
the acceleration profile BRISK/SOFT (see Section "B2: Acceleration (Page 231)").

If the "empty buffer" function is programmed, the previous block is terminated when the
selected exact-stop criterion is reached.

Velocity = 0 in continuous-path mode

Regardless of the implicit exact stop response, the path motion is braked down to zero
velocity at the end of the block in cases where:

Basic Functions

Positioning axes are programmed with the instruction rpos, and their traversing time
exceeds that of the path axes. The block change occurs when the "exact stop fine" of the
positioning axes is reached.

The time taken to position a spindle programmed with the instruction sros is longer than
the traversing time of the path axes. The block change is carried out when the "exact stop
fine" of the positioning spindle is reached.

The current block contains traversing commands for geometry axes and the following
block traversing commands for synchronized axes or, alternatively, the current block
contains traversing commands for synchronized axes and the subsequent block
traversing commands for geometry axes.

Synchronization is required.
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3.3 Continuous-path mode

3.3.2 Velocity reduction according to overload factor

Function

The function lowers the path velocity in continuou-path mode until the non-tangential block
transition can be traversed in one interpolation cycle while respecting the deceleration limit
and taking an overload factor into account.

With the reduced velocity, axial jumps in velocity are produced with a non-tangential contour
at the block transition. These jumps in velocity are also performed by the coupled motion
synchronized axes. The jump in velocity prevents the path velocity dropping to zero. This
jump is performed if the axial velocity was reduced with the axial acceleration to a velocity
from which the new setpoint can be reached with the jump. The magnitude of the setpoint
jump can be limited using an overload factor. Because the magnitude of the jump is axial,
the minimum jump of the path axes which are active during the block change is considered
during block transition.

Y axis ‘
\ Block change
X axis
Path velocity
Block change t
Velocity of Lead: a
the X axis x
Axial Lead:f *a
velocity jump —. / f > 1
< «
»| IPO [« t
cycle
Velocity of
the Y axis Lead: a,
Lead: fy * a,
[ axial
f,>f>1 \ velocity jump
> PO [« t
f: Overload factor cycle

Figure 3-3  Axial velocity change on block transition

With a practically tangential block transition, the path velocity is not reduced if the
permissible axial accelerations are not exceeded. This means that very small bends in the
contour (e.g. 0.5°) are overtraveled directly.
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3.3 Continuous-path mode

Overload factor

The overload factor restricts step changes in the machine axis velocity at block ends. To
ensure that the velocity jump does not exceed the maximum load on the axis, the jump is
derived from the acceleration of the axis.

The overload factor indicates the extent by which the acceleration of the machine axis
(MD32300 $MA_MAX_AX_ACCEL) may be exceeded for an IPO-cycle.

The velocity jump results as follows:

Velocity jump = axis acceleration * (overload factor-1) * interpolator cycle.

The overload factor is saved in the machine data:

MD32310 $MA_MAX_ACCEL_OVL_FACTOR (overload factor for axial velocity jumps)

Factor 1.0 means that only tangential transitions with finite velocity can be traversed. For all
other transitions, the velocity is reduced to zero by changing the setpoint. This behavior is
equivalent to the function "Exact stop with interpolator end". This is undesirable for
continuous-path mode, so the factor must be set to greater than 1.0.

Note

For startup and installation, please note that the factor must be reduced if the machine is
likely to be subject to vibrations during angular block transitions and rounding is not to be
used.

By setting the following machine data, the block transitions are rounded independent of the
set overload factor with G641/G642:

MD20490 $MC_IGNORE_OVL_FACTOR_FOR_ADIS

Activation/deactivation

Continuous-path mode with a reduction in speed according to the overload factor can be
activated in any NC part program block by the modal command csa4.

Selecting the exact stop which works on a block-by-block basis enables rounding to be
interrupted (G9).

Continuous-path mode G64 can be deactivated by selecting:
® Modal exact stop G60
e Rounding G641, G642, G643, G644 or G645

Implicit continuous-path mode

If it is not possible to insert rounding blocks in continuous-path mode with rounding G641
due to the very short block path lengths (e.g. zero-clocked blocks), the mode is switched
over to continuous-path mode G64.
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3.3 Continuous-path mode

3.3.3

Function

Rounding

The "Rounding"” function adds intermediate blocks (positioning blocks) along a programmed
contour (path axes) at non-continuous (angular) block transitions so that the resulting new
block transition is continuous (tangential).

Synchronized axes

The rounding considers not only the geometry axes but also all synchronous axes. Although
a continuous block transition cannot be created for both axis types concurrently for the
parallel travel of path and synchronous axes. In this case, to favor path axes that always
travel exactly, only an approximately continuous block transition is created for synchronous
axes.

Rounding for G64

Rounding is performed even when to observe the dynamic-response limits at the block
transition, a speed is required that for G64 exceeds the permitted speed at the block
transition (see Section "Velocity reduction according to overload factor (Page 170)"
"Overload factor").

Impact on synchronization conditions

Exceptions

172

The use of rounding shortens the programmed blocks between which the rounding block(s)
are added. The programmed block boundary disappears and are then no longer available as
criterion for any synchronization conditions (e.g. auxiliary function output parallel to motion,
stop at block end).

Note

We recommend that when the "Rounding"” function is used, synchronization conditions apply
to the end of the block before the rounding location rather than the end of the inserted
rounding block. The following block would then not be started and with a stop at the block
end, the contour of the following block can still be changed manually.

In the following cases, no rounding occurs at the block transition, for example, between the
N10 blocks after N20, i.e. no rounding block is added:

Implicit stopping of the traversing motion

Possible causes:

e Auxiliary function output active before the traversing motion for N20

® N20 does not contain any traversing motion for path axes

® In N20, an axis that was previously a positioning axis traverses as a path axis for the first
time
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3.3 Continuous-path mode

® |n N20, an axis that was previously a path axis traverses as a positioning axis for the first
time

® Geometry axes traverse in N10 but not in N20

® Geometry axes traverse in N20 but not in N10

® Activation of thread-cutting ¢33 in N20

® Change from BRISK and SOFT

e Transformation-relevant axes are not completely assigned to the path motion (e.g. for
oscillation axes, positioning axes).

The insertion of the rounding block would slow part program machining overproportionally

Possible causes:

® A program or program section consists of a number of very short traversal blocks (= 1
interpolator cycle / traversal block; because each traversal block requires at least one
interpolator cycle, the inserted intermediate block would almost double the machining
time)

® (64 (path control operation without rounding) without speed reduction active for block
change

® The parameterized overload factor (MD32310 $SMA_MAX_ACCEL_OVL_FACTOR)
permits the traversal of the programmed contour without the path speed needing to be
reduced. See also: MD20490 $MC_IGNORE_OVL_FACTOR_FOR_ADIS

Path parameters inhibit the rounding

Possible causes:

® 641 (path control operation with rounding in accordance with the path criterion) is active
but rapid traverse is active (GO) AND ADISPOS == 0 (rounding separation for G0)

® 641 (path control operation with rounding in accordance with the path criterion) is active
but rapid traverse is not active AND ADIS == 0 (rounding separation for path functions
G1,G2,G3, ..)

® 642 Or ge43 (path control operation with rounding while observing defined tolerances) is
active but all tolerances == zero

N10 or N20 does not contain traversing motion (zero block).

Normally no zero blocks are created. Exceptions:

® Active synchronous action

® Program jumps
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3.3 Continuous-path mode

Impact on synchronization conditions

3.3.3.1

Function

174

The programmed blocks between which the rounding contour is added are shortened during
rounding. The original programmed block boundary disappears and is then no longer
available for any synchronization conditions (e.g. auxiliary function output parallel to motion,
stop at block end).

Note

We recommend that when the "Rounding" function is used, synchronization conditions apply
to the end of the block before the rounding location rather than the end of the inserted
rounding block. The following block would then not be started and with a stop at the block
end, the contour of the following block can still be changed.

Rounding according to a path criterion (G641)

In continuous-path mode with rounding according to a path criterion, the size of the rounding
area is influenced by the path criteria ADIS and ADISPOS.

The path criteria ADIS and ADISPOS describe the maximum distances which a rounding
block can occupy before and after a block.

Path criterion Programmed block intermediate point

ADIS /
ADISPOS |

Rounding contour

Programmed
input block Programmed

output block

Note

Acute angles produce rounding curves with a large degree of curvature and therefore cause
a corresponding reduction in velocity.

Note

ADISPOS is programmed in the same way as ADIS, but must be used specifically for
movements in rapid traverse mode G00.
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3.3 Continuous-path mode

Scope of the path criterion
® ADIS or ADISPOS must be programmed. If the default is "zero", G641 behaves like G64.

e |f only one of the blocks involved is rapid traverse GO, the smaller rounding distance
applies.

e [f a very small value is used for ADIS, the controller must make sure that every
interpolated block, even an intermediate rounding block, contains at least one
interpolation point. The maximum path velocity is thereby limited to ADIS / interpolation
cycle.

® |rrespective of ADIS and ADISPOS, the rounding area is limited by the block length.

In blocks with short distances (distance < 4* ADIS and < 4 * ADISPOS respectively), the
rounding distance is reduced so that a traversable part of the original block is retained.
The remaining length depends on the axis path and is approximately 60% of the distance
still to be traversed in the block. ADIS or ADISPOS is therefore reduced to the remaining
40% of the distance to be traversed. This algorithm prevents a rounding block being
inserted for a very small change in contour. In this case, switchover to continuous-path
mode G64 is automatic until rounding blocks can be inserted again.

| ADIs4 /i !

Tk

[
ADI
/I 83I ﬁDISS
vb path N3 vb path N5
Beginning of
block N3 < PPs

Figure 3-4  Path with limitation of ADIS

Activation/deactivation

Continuous-path mode with rounding based on a path criterion can be activated in any NC
part program block by the modal command ce41. Before or on selection, the path criteria
ap1s/apIspos must be specified.

Selecting the exact stop which works on a block-by-block basis enables rounding to be
interrupted (G9).
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3.3 Continuous-path mode

Continuous-path mode with rounding based on a path criterion (G641) can be deactivated by
selecting:

® Modal exact stop (G60)
e Continuous-path mode G64, G642, G643, G644 or G645

Program example

3.3.3.2

Function

Activation

176

Program code Comment

N1 G641 Y50 F10 ADIS=0.5 ; Continuous-path mode with rounding based on a
path criterion (rounding clearance: 0.5 mm)

N2 X50
N3 X50.
N4 Y50.
N5 Y51.
N6 Y51.

R o & 9 9

N7 X52.

Rounding in compliance with defined tolerances (G642/G643)

In continuous-path mode involving rounding in compliance with defined tolerances, the
rounding normally takes place while adhering to the maximum permissible path deviation.
Instead of these axis-specific tolerances, the maintenance of the maximum contour deviation
(contour tolerance) or the maximum angular deviation of the tool orientation (orientation
tolerance) can be configured.

Continuous-path mode with rounding in compliance with defined tolerances can be activated
in any NC part program block by the modal command ce42 or ge43.

Selecting the exact stop which works on a block-by-block basis enables rounding to be
interrupted (G9).

Continuous-path mode with rounding in compliance with defined tolerances (G642/G643)
can be deactivated by selecting:

® Modal exact stop (G60)
® Continuous-path mode G64, G641, G644 or G645
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Function Manual, 03/2013, 6FC5397-0BP40-3BA1



B1: Continuous-path mode, Exact stop, Look Ahead

3.3 Continuous-path mode

Differences between G642 - G643

Parameterization

Basic Functions

With regard to their rounding behavior, commands G642 and G643 differ as follows:

G642 G643

With G642, the rounding path is determined on In the case of G643, each axis may have a
the basis of the shortest distance for rounding all | different rounding path. The rounding travels are

axes. This value is taken into account when taken into account axis-specifically and block-
generating a rounding block. internally (= no separate rounding block).

With G642, the rounding area results from the Very different specifications for the contour
smallest tolerance setting. tolerance and the tolerance of the tool orientation

can only have effect with G643.

Maximum path deviation

The maximum path deviation permitted with G642/G643 is set for each axis in the machine
data:

MD33100 $MA_COMPRESS_POS_TOL

Contour tolerance and orientation tolerance

The contour tolerance and orientation tolerance are set in the channel-specific setting data:
SD42465 $SC_SMOOTH_CONTUR_TOL (maximum contour deviation)

SD42466 $SC_SMOOTH_ORI_TOL (maximum angular deviation of the tool orientation)

The settings data can be programmed in the NC program and can in this way be specified
differently for each block transition.

Note

The setting data SD42466 $SC_SMOOTH_ORI_TOL is effective only in active orientation
transformation.

Rounding behavior
Rounding behavior with G642 and G643 is configured via the machine data:
MD20480 $MC_SMOOTHING_MODE (rounding behavior with G64x)
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3.3 Continuous-path mode

The units positions (E) define the behavior for G643, the tens positions (Z) the behavior for
G642:

Value E or Z Meaning

0 All axes:

Rounding by maintaining the maximum permitted path deviation:
MD33100 $MA_COMPRESS_POS_TOL

1 Geometry axes:

Rounding by maintaining the contour tolerance:

SD42465 $SC_SMOOTH_CONTUR_TOL

Remaining axes:

Rounding by maintaining the maximum permitted path deviation:
MD33100 $MA_COMPRESS_POS_TOL

2 Geometry axes:

Rounding by maintaining the orientation tolerance:

SD42466 $SC_SMOOTH_ORI_TOL

Remaining axes:

Rounding by maintaining the maximum permitted path deviation:
MD33100 $MA_COMPRESS_POS_TOL

3 Geometry axes:

Rounding by maintaining the contour tolerance and the orientation tolerance:
SD42465 $SC_SMOOTH_CONTUR_TOL

SD42466 $SC_SMOOTH_ORI_TOL

Remaining axes:

Rounding by maintaining the maximum permitted path deviation:
MD33100 $MA_COMPRESS_POS_TOL
4 All axes:

The rounding length programmed with abzs or with aAp1sPos is used (as in case of
G641).

Any axis-specific tolerance or contour and orientation tolerance specifications are
ignored.
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3.3 Continuous-path mode

Profile for limit velocity

The use of a velocity profile for rounding in compliance with defined tolerances is controlled
via the hundreds position in MD20480:

Value Meaning_;

<100: A profile of the limit velocity is calculated within the rounding area, based on the defined
maximum values for acceleration and jerk on the participating axes or path.

This can lead to an increase in the path velocity in the rounding area and therefore to
the acceleration of the participating axes.

>100: A profile of the limit velocity is not calculated for rounding blocks with G641/G642. A
constant velocity limit is specified instead.

This prevents the participating axes being accelerated into the rounding area during
rounding with G641/G642. However, in certain cases, this setting can cause the
rounding blocks to be traversed too slowly, especially in large rounding areas.

1xx: No velocity profile for G641

2XX: No velocity profile for G642

Note

MD28530 $MC_MM_PATH_VELO_SEGMENTS (number of memory elements for limiting
the path velocity)

Supplementary conditions
Restriction for protection zones with active radius compensation and tool orientation:

Although tool radius compensation is applied for a tool orientation, which is not perpendicular
to one of the three datum planes of the basic coordinate system, the protection zones are
not rotated onto the corresponding plane.

For G643 the following must apply:

MD28530 $MC_MM_PATH_VELO_SEGMENTS > 0 (number of memory elements for
limiting the path velocity)

If this condition is met, then it must be applicable for all axes:

MD35240 $MC_ACCEL_TYPE_DRIVE = FALSE (acceleration characteristic DRIVE for axes
on/off)
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3.3 Continuous-path mode

3.3.3.3 Rounding with maximum possible axial dynamic response (G644)

Function

Maximizing the dynamic response of the axes is key to this type of continuous-path mode
with rounding.

Note

Rounding with G644 is only possible if:

e All the axes involved contain only a linear motion in both the observed blocks.

¢ No kinematic transformation is active

In case an involved axis contains a polynomial (polynomial programmed, spline active,

compressor active) or a kinematic transformation is active, the block transition is rounded
with G642.

Activation
Continuous-path mode with rounding with the maximum possible axial dynamic response
can be activated in any NC part program block by the modal command ce4a4.
Selecting the exact stop which works on a block-by-block basis enables rounding to be
interrupted (G9).
Continuous-path mode with rounding with the maximum possible axial dynamic response
(G644) can be deactivated by selecting:
® Modal exact stop (G60)
® Continuous-path mode G64, G641, G642, G643 or G645

Parameterization

Rounding behavior with G644 is configured via the thousands and tens of thousands places
in the machine data:

MD20480 $MC_SMOOTHING_MODE (rounding behavior with G64x)

Value ‘ Meaning

Thousand's place:

Oxxx: When rounding with G644, the maximum deviations for each axis specified by the
following machine data are respected:

MD33100 $MA_COMPRESS_POS_TOL
If the dynamics of the axis permit, then any specified tolerance is not utilized.

Txxx: Input the maximum rounding path by programming Ap1s-=... or ADISPOS-=...(as for G641)
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3.3 Continuous-path mode

Value Meaning

2XXX: Input the maximum possible frequencies of each axis in the rounding area using the
machine data:
MD32440 $MA_LOOKAH_FREQUENCY (smoothing frequency for LookAhead)
The rounding area is defined so that no frequencies in excess of the specified maximum
can occur while the rounding motion is in progress.

3xxx: Any axis that has a velocity jump at a corner traverses around the corner with the
maximum possible dynamic response (maximum acceleration and maximum jerk).
SOFT:
If SOFT is active, the maximum acceleration and the maximum jerk of each axis is
maintained.
BRISK:
If BRISK is active, only the maximum acceleration and not the maximum jerk of each axis
is maintained.
With this setting, neither the maximum deviations nor the rounding distance are checked.
The resulting deviations or rounding distances are determined exclusively by the dynamic
limits of the respective axis and the current path velocity.

4AXXX: As in case of Oxxx, the maximum deviations of each axis specified with the following
machine data are used:
MD33100 $MA_COMPRESS_POS_TOL
Contrary to Oxxx, the specified tolerance is also utilized, if possible. Therefore, the axis
does not attain its maximum possible dynamics.

5xxx: As in case of 1xxx, the maximum possible rounding path is specified through
programming of ADIS=... or ADISPOS= respectively.
Contrary to 1xxx, the specified rounding path is also utilized, if possible. Therefore, the
axes involved do not attain their maximum possible dynamics.

Ten thousands digit

Oxxxx The velocity profiles of the axes in the rounding area are determined without jerk limiting
for BRISK and with jerk limiting for SOFT.

1XxXX The velocity profiles of the axes in the rounding area are always determined with jerk
limiting, regardless of whether BRISK or SOFT is active.

When specifying the maximum axial deviations (MD33100 $MA_COMPRESS_POS_TOL) or
the maximum rounding distance (ADIS / ADISPOS) the available rounding path is normally
not used, if permitted by the dynamics of the axes involved. Through this, the length of the
rounding path depends on the active path feedrate. In case of lower path speeds, one gets
lower deviations from the programmed contours. However, it can be set that in these cases
the specified maximum axial deviation or the specified rounding distance is utilized, if
possible. In this case the deviations depend on the programmed contour independent of the
programmed path feedrate.

Note

Apart from the ones mentioned, the following limitation can also become active additionally:

The rounding distance cannot exceed half the length of the original participating blocks.

Basic Functions
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3.3 Continuous-path mode

Jerk limitation

182

The smoothing of the velocity jump on each axis and thus the shape of the rounding path
depends on whether an interpolation is performed with or without jerk limitation.

Without jerk limitation the acceleration of each axis reaches its maximum value in the entire

rounding area.

Velocity

Position

Time

With jerk limitation, the jerk of each axis is limited to its maximum value within the rounding

area. The rounding motion thus generally consists of three phases:

Basic Functions

Function Manual, 03/2013, 6FC5397-0BP40-3BA1



B1: Continuous-path mode, Exact stop, Look Ahead

3.3 Continuous-path mode

® Phase 1

During phase 1, each axis builds up its maximum acceleration. The jerk is constant and
equal to the maximum possible jerk on the respective axis.

® Phase 2
During phase 2, the maximum permissible acceleration is applied.
® Phase 3

During phase 3, which is the last phase, the acceleration of each axis is reduced back to
zero with the maximum permissible jerk.

Velocity

Time

\
1st phase} 2nd phase} 3rd phase

3.3.34 Rounding of tangential block transitions (G645)

Function

In continuous-path mode with rounding, rounding blocks are also only generated on
tangential block transitions if the curvature of the original contour exhibits a jump in at least
one axis.

The rounding motion is defined here so that the acceleration of all axes involved remains
smooth (no jumps) and the parameterized maximum deviations from the original contour
(MD33120 $SMA_PATH_TRANS_POS_TOL) are not exceeded.

In the case of angular, non-tangential block transitions, the rounding behavior is the same as
with G642 (see Section "Rounding in compliance with defined tolerances (G642/G643)
(Page 176)").
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3.3 Continuous-path mode

Activation/deactivation

Continuous-path mode with rounding of tangential block transitions can be activated in any
NC part program block by the modal command ce4s.

Selecting the exact stop which works on a block-by-block basis enables rounding to be
interrupted (G9).

Continuous-path mode with rounding of tangential block transitions (G645) can be
deactivated by selecting:

® Modal exact stop (G60)
e Continuous-path mode G64, G641, G642, G643 or G644

Comparison between G642 and G645

Parameterization

See also

184

When rounding with G642, the only block transitions rounded are those which form a corner,
i.e. the velocity of at least one axis jumps. However, if a block transition is tangential, but
there is a jump in the curvature, no rounding block is inserted with G642. If this block
transition is traversed with finite velocity, the axes experience some degree of jump in
acceleration which (with the jerk limit activated!) may not exceed the parameterized limit
(MD32432 $MA_PATH_TRANS_JERK_LIM). Depending on the level of the limit, the path
velocity at the block transition may be greatly reduced as a result. This constraint is avoided
by using G645 because the rounding motion is defined here in such a way that no jumps
occur in acceleration.

The following machine data indicates the maximum permissible path deviation for each axis
during rounding with G645:

MD33120 $MA_PATH_TRANS_POS_TOL

This value is only of relevance to tangential block transitions with variable acceleration.
When angular, non-tangential block transitions are rounded, (as with G642) the tolerance
from MD33100 $SMA_COMPRESS_POS_TOL becomes effective.

Free-form surface mode: Basic functions (Page 211)
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3.3.3.5 Rounding and repositioning (REPOS)

3.3 Continuous-path mode

If the machining in the area of the rounding contour is interrupted, a REPOS operation
cannot be used to position again directly on the rounding contour. In this case, positioning
can be made only on the programmed contour.

Example

Programmed: Two traversing blocks N10 and N20 with programmed rounding G641.

The traversing motion is interrupted in the rounding area. The axes, e.g. manually, are then
traversed to the REPOS start point. Depending on the selected REPOS mode, the
repositioning on the contour is made at the points D, @ or ®.

Basic Functions

REPOS starting point

RMBBL
RMIBL/RMEBL
Interruption point

N10 RMNBL

Travel direction

Approximate positioning
block

RMBBL
RMIBL

RMEBL
RMNBL

Repositioning at the start of the interrupted traversal block
Repositioning at the interruption location

Repositioning at the end of the interrupted traversal block
Repositioning at the next contour point

Block start N10

To the REPOS start point of the next contour point

Block end N10 / block start N20
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3.3 Continuous-path mode

3.34 LookAhead
3.3.41 Standard functionality
Function

186

LookAhead is a function which is active in continuous-path mode (G64, G64x) and
determines a foreseeable velocity control for multiple NC part program blocks over and
beyond the current block.

Note

LookAhead is only available for path axes, not for spindles and positioning axes.

If a part program contains consecutive blocks with very small paths, only one velocity is
reached per block without LookAhead, enabling deceleration of the axes at the end of the
block while maintaining acceleration limits. This means that the programmed velocity is not
reached at all. With LookAhead, however, it is possible to implement the acceleration and
deceleration phase over multiple blocks with approximately tangential block transitions,
thereby achieving a higher feedrate with shorter distances.

Feed
A

programmed

i g -

G64: LookA‘head‘veIoc‘:ity control

G60: Constant velbcity bhasé cannot be achieved

>

Block path

N1 !N2: N3:N4:N5:N6:N7:N8:N9 N10 N11: N12

Figure 3-5  Velocity control with short distances and exact stop G60 or continuous-path mode G64
with LookAhead

Deceleration to velocity limits is possible with LookAhead such that violation of the
acceleration and velocity limit is prevented.

LookAhead takes plannable velocity limits into consideration such as:
® Exact stop at block end

® Velocity limit in the block

® Acceleration limit in the block

® Velocity limit on block transition

e Synchronization with block change at block transition.

Basic Functions
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3.3 Continuous-path mode

Mode of operation

LookAhead carries out a block-specific analysis of velocity limits and specifies the required
brake ramp profile based on this information. LookAhead is adapted automatically to block
length, braking capacity and permissible path velocity.

For safety reasons, the velocity at the end of the last prepared block must initially be
assumed to be zero because the next block might be very small or be an exact-stop block,
and the axes must have been stopped by the end of the block.

With a series of blocks with high set velocity and very short paths, the speed can be
increased in each block depending on the velocity value currently calculated by the
LookAhead function in order to achieve the required set velocity. After this it can be reduced
so that the velocity at the end of the last block considered by the LookAhead function can be
zero. This results in a serrated velocity profile (see the following fig.) which can be avoided
by reducing the set velocity or increasing the number of blocks considered by the
LookAhead function.

Vset

\%
\
\ \
\ \
N \ N
\ A \
\ \
N \

N14 N15 N16 N17 N18 N19 t —

Figure 3-6  Example for modal velocity control (number of blocks considered by the LookAhead

function = 2)
Activation/deactivation
LookAhead is activated by selecting continuous-path mode G64, G641, G642, G643, G644
or G645.

Selecting the exact stop which works on a non-modal basis enables rounding to be
interrupted (G09).

LookAhead is deactivated by selecting the modal exact stop (G60).
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3.3 Continuous-path mode

Parameterization

188

Number of blocks

To achieve reliable axis traversal in continuous-path mode, the feedrate must be adapted
over several blocks. The number of blocks considered by the LookAhead function is
calculated automatically and can, if required, be limited by a machine data. The default
setting is "1", which means that LookAhead only considers the following block for velocity
control.

Because LookAhead is especially important for short blocks (relative to the deceleration
path), the number of blocks required is of interest for LookAhead braking. It is sufficient to
consider the path length to be equal to the deceleration path that is required to brake from
maximum velocity to standstill.

For a machine with a low axial acceleration of a = 1 m/s2and a high feedrate of
Vpath = 10 m/min, the following number of nLookanead blocks are allocated to the controller
where it has has an attainable block cycle time of TB = 10 ms:

NLookanead = Deceleration path/Block length = ( vpath2/ (2a)) / (Vpath * TB) = 9

Considering these conditions, it is advisable to adapt the feedrate over 10 blocks. The
number of blocks entered for the LookAhead function forecast does not change the
LookAhead algorithm and memory requirement.

Since the machining velocity is very often set to a lower value than the maximum velocity in
a program, more blocks than are required would be predicted, overloading the processor
unnecessarily. For this reason, the required number of blocks is derived from the velocity
which is calculated from the following multiplication:

® Programmed velocity * MD12100 $MN_OVR_FACTOR_LIMIT_BIN
(when using a binary-coded feedrate override switch)

® Programmed velocity * MD12030 $MN_OVR_FACTOR_FEEDRATE[30]
(when using a gray-coded feedrate override switch)

The value for MD12100 or the 31st override value for MD12030 defines the dynamic
response reserves which the velocity control provides for when the path feed is overshot.

Note

The 31st override value for MD12030 should correspond to the highest override factor which
is actually used.

Note

The number of blocks considered by the LookAhead function is limited by the possible
number of NC blocks in the IPO buffer.
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3.3 Continuous-path mode

Velocity profiles

In addition to the fixed, plannable velocity limitations, LookAhead can also take account of
the programmed velocity. This makes it possible to achieve a lower velocity by applying
LookAhead beyond the current block.

e Determination of the following block velocity
One possible velocity profile contains the determination of the following block velocity.

Using information from the current and the following NC block, a velocity profile is
calculated from which, in turn, the required velocity reduction for the current override is
derived.

The calculated maximum value of the velocity profile is limited by the maximum path
velocity.

With this function it is possible to initiate a speed reduction in the current block taking
override into account such that the lower velocity of the following block can be achieved.
If the reduction in velocity takes longer than the travel time of the current block, the
velocity is further reduced in the following block. Velocity control is only ever considered
for the following block.

The function is activated via the machine data:
MD20400 $MC_LOOKAH_USE_VELO_NEXT_BLOCK

Value Meaning
TRUE Function active
FALSE Function not active

e Definition of override points

If the velocity profile of the following block velocity is not sufficient because, for example,
very high override values (e.g. 200%) are used or a constant cutting rate G96/G961 is
active, with the result that the velocity must be further reduced in the following block,
LookAhead provides a way of reducing the programmed velocity over several NC blocks.

By defining override points, LookAhead calculates a limiting velocity profile for each
value. The required velocity reductions for the current override are derived from these
profiles.

The calculated maximum value of the velocity profile is limited by the maximum path
velocity.

The upper point should cover the velocity range that will be reached by the maximum
value set in the machine data:

MD12030 $MN_OVR_FACTOR_FEEDRATE [n] (evaluation of the path feedrate override
switch)

It can also be reached via the value of the machine data:
MD12100 $MN_OVR_FACTOR_LIMIT_BIN (limit for binary coded override switch)

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1 189



B1: Continuous-path mode, Exact stop, Look Ahead

3.3 Continuous-path mode

190

In this way, a reduction of the velocity continuing into the block in which it is programmed
can be avoided.

If velocity reductions across block boundaries are required at a 100% override, a point
should be set in the lower override range as well.

The number of override points used per channel is specified in the machine data:

MD20430 $MC_LOOKAH_NUM_OVR_POINTS (number of override switch points for
LookAhead)

The associated points are stored in the machine data:

MD20440 $MC_LOOKAH_OVR_POINTS (prepared override velocity characteristics with
LookAhead)

Example:

Limiting velocity characteristics, whereby:

— Override = 50%, 100% or 150%

— Number of LookAhead blocks = 4

- MD20430 $MC_LOOKAH_NUM_OVR_POINTS =2

- MD20440 $MC_LOOKAH_OVR_POINTS = 1.5, 0.5

- MD20400 $MC_LOOKAH_USE_VELO_NEXT_BLOCK = 1

v T Velocity progression with 50%, 100% and 150% override
Vzmax. //\ \
\ Programmed
AN — setpoint

\ \
\
\
\
N 150%

Y,

N Velocity profile 150% and
N 100% J-50%
—
50%
N19 N22 N23 N24 N25 s >
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3.3 Continuous-path mode

A combination of both procedures (determination of following block velocity and
determination of override points) can be used to calculate the velocity profiles and is
generally advisable because the preset machine data for these functions already takes the
widest range of override-dependent velocity limits into account.

Note

If neither of the procedures has been activated, the setpoint velocity is always applied in the
current block.

Note

Plannable velocity limits restrict override-specific velocity limits.

Relief factor with block cycle problems

Block cycle problems are encountered in cases where the traversing distances of the NC
blocks to be processed are so short that the LookAhead function has to reduce the machine
velocity to provide enough time for block processing. In this situation, constant braking and
acceleration of path motion may occur.

Velocity fluctuations of this type can be dampened by specifying a relief factor:

MD20450 $MC_LOOKAH_RELIEVE_BLOCK_CYCLE (relieving factor for the block cycle
time)

Supplementary conditions
Axis-specific feed stop/axis disable
Axis-specific feed stop and axis-specific axis disable are ignored by LookAhead.

If an axis is to be interpolated that should on the other hand be made stationary by axis-
specific feed stop or axis disable, LookAhead does not stop path motion before the block in
question but decelerates in the block itself.

If this response is not wanted, an axis-specific feed stop can be transferred to a channel via
the PLC to stop the path immediately (see also Section "Clamping monitoring (Page 86)").

3.34.2 Free-form surface mode: Extension function

Function

The "Free-form surface mode: Extension function" is an extension of the LookAhead
standard functionality and is used to calculate the path velocity profile during free-form
surface processing (see also Section "Free-form surface mode: Basic functions

(Page 211)").
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3.3 Continuous-path mode

Applications

Requirements

192

Its use optimizes the continuous-path mode as follows:
e Symmetry between the acceleration and deceleration profiles
e Uniform acceleration process, even with changing jerk or acceleration limits

e Uniform acceleration process of target velocity profiles, irrespective of the degree to
which they can or cannot be started with the specified dynamic response limit

® | ookAhead braking to lower setpoint velocities

Uniformity and compliance with the dynamic response limit guarantee that the setpoint
velocity profiles are smoothed to a homogeneous velocity profile on the part. This serves to
minimize the effect of following errors on the quality of the surface.

Therefore, the function offers the following advantages:
e Greater uniformity in the surface of the workpiece

® | ower machine load

The "Free-form surface mode: Extension function" is used to process workpieces which
primarily comprise free-form surfaces.

Note

As better results are not achieved for standard processing applications, standard LookAhead
functionality should be used in these cases.

® The function is only effective:
- In AUTOMATIC
— In acceleration mode: acceleration with jerk limit (SOFT)

e Activation is only possible if the requisite memory is configured:
MD28533 $MC_MM_LOOKAH_FFORM_UNITS = <value>

Sensible value assignment depends upon the part program, the block lengths, the axial
dynamic response, as well as upon an active kinematic transformation.

The following setting applies as a guideline for processing free-form surfaces: 18

Note

Due to the additional storage requirements, MD28533 should only be set for the channels
in which free-form surfaces are being processed.
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3.3 Continuous-path mode

Activation/deactivation

The function can be switched on or off independently for every dynamic response mode (see
Section "Dynamic response mode for path interpolation (Page 209)"):

MD20443 $MC_LOOKAH_FFORM[<n>]= <value>

Index <n> | Dynamic response mode <value> | Free-form surface mode: Extension
function

0 Standard dynamic response 0 Off
settings (DYNNORM) 1 on

1 Positioning mode, tapping 0 Off
(DYNPOS) 1 on

2 Roughing (DYNROUGH) 0 Off
1 On

3 Finishing (DYNSEMIFIN) 0 Off
1 On

4 Smooth finishing (DYNFINISH) 0 Off
1 On

The "Free-form surface mode: Extension function" is typically only active if the "Free-form
surface mode: Basic functions" are also active. Therefore, the settings in

MD20443 $MC_LOOKAH_FFORM][<n>] should correspond to the settings in

MD20606 $MC_PREPDYN_SMOOTHING_ON[<n>].

The standard LookAhead functionality is active in the dynamic response modes in which the
"Free-form surface mode: Extension function" is switched off.

Programming

Generally speaking, the "Free-form surface mode: Extension function" becomes effective as
a result of a change in the dynamic response mode in the part program.

Example
The following parameters are assumed:
MD20443 $MC_LOOKAH_FFORMI[0] = 0
MD20443 $MC_LOOKAH_FFORM[1] =0
MD20443 $MC_LOOKAH_FFORMI[2] = 1
MD20443 $MC_LOOKAH_FFORMI[3] = 1
MD20443 $MC_LOOKAH_FFORMI[4] = 1

Basic Functions
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3.3 Continuous-path mode

Program code Comment

N10 DYNPOS

N101 DYNFINISH

; Switch on the DYNPOS dynamic
response mode. Standard LookAhead
functionality is active in the
DYNPOS dynamic response mode.

N100 G17 G54 F10000

; Switch on the DYNFINISH dynamic
response mode. The "Free-form
surface mode: Extension functions"
are active in the DYNFINISH dynamic
response mode.

N102 SOFT G642
N103 X-0.274 Y149.679 Z100.000 GO
N104 COMPCAD

N1009 Z4.994 GO1

N10010 X.520 Y149.679 Z5.000
N10011 X10.841 Y149.679 Z5.000
N10012 X11.635 Y149.679 Z5.010
N10013 X12.032 Y149.679 Z5.031
M30

Note

When switching between the standard LookAhead functionality and the "Free-form surface
mode: Extension function" or vice versa, continuous-path mode is interrupted by an
interpolator stop.

Supplementary conditions

Automatic function switchover

Applying the following functions when the "Free-form surface mode: Extension function"
leads to an automatic switchover to standard LookAhead functionality:

Thread cutting/tapping (G33, G34, G35, G331, G332, G63)
Path master-value coupling

Punching, nibbling

Cartesian PTP travel

The "Free-form surface mode: Extension function" is then switched on again automatically.

194
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3.4

3.4.1

Introduction

Basic Functions

3.4 Dynamic adaptations

Using the commands of G function group 15 (feed types)

It is not advisable to use the following feed types when the "Free-form surface mode:
Extension function" is active:

® Feedrate per revolution (G95, G96, G97, etc.)
® |nverse-time feedrate (G93)
Time response during feedrate overrides

$ Feedrate overrides (via a machine control panel, $AC_OVR, ...) can extend the traverse
time over standard LookAhead functionality considerably.

Rapid traverse motion (GO0)

GO blocks which are interspersed during free-form surface processing do not switch the
LookAhead functionality over (from the "Free-form surface mode: Extension function" to
standard LookAhead functionality or vice versa).

This means that even though the standard dynamic response setting (DYNNORM) is
effective with GO, the standard LookAhead functionality which is preset for DYNNORM

(» MD20443 $MC_LOOKAH_FFORM]J0]) does not automatically become effective as well as
a result.

By retaining the LookAhead functionality which is currently active, a more homogeneous
velocity profile is achieved, particularly since GO and polynomial blocks are usually
smoothed and connected by rounding.

Number of NC blocks in the IPO buffer

It is generally advisable to significantly increase the configured number of NC blocks in the
interpolation buffer when using the "Free-form surface mode: Extension function":

MD28060 $MC_MM_IPO_BUFFER_SIZE > 100

If the block memory capacity is too low, this may diminish the uniformity of the path-velocity
profile.

Dynamic adaptations

Smoothing of the path velocity

The velocity control function utilizes the specified axial dynamic response. If the programmed
feedrate cannot be achieved, the path velocity is brought to the parameterized axial limit
values and the limit values of the path (velocity, acceleration, jerk). This can lead to repeated
braking and acceleration on the path.
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3.4 Dynamic adaptations

Function

Requirements

196

If a short acceleration takes place during a machining function with high path velocity, and is
thus followed almost immediately by braking, the reduction in the machining time is only
minimal. Acceleration of this kind can, however, have undesirable effects if, for example, it
results in machine resonance.

In some applications in mold making, especially in the case of high-speed cutting, it is
desirable to achieve a constant path velocity. In these cases, it can therefore be reasonable
to sacrifice transient acceleration processes in favor of a smoother tool path velocity.

If the "smoothing the path velocity" function is active, a smoothing factor, which determines
the maximum permissible productivity loss, takes effect with a view to achieving smoother
path velocity control: Acceleration processes which contribute less than this factor to a
shorter program runtime are not performed. Account is only taken of acceleration processes
whose frequencies lie above the configurable limit frequencies of of the axes involved.

Benefits:

e Avoidance of excitations of possible machine resonance due to continuous, transient
braking and acceleration processes (in the area of less IPO cycles).

e Avoidance of constantly varying cutting rates due to acceleration which brings no
significant shortening of the program running time.

Note
The smoothing of the path velocity does not lead to contour errors.

Variations in axis velocity due to curvatures in the contour at constant path velocity may
continue to occur and are not reduced with this function.

Variations in path velocity due to the input of a new feedrate are not changed either. This
remains the responsibility of the programmer of the subprogram.

® The smoothing of the path velocity is only effective in continuous-path mode with
LookAhead over multiple blocks with SOFT and BRISK. Smoothing is not effective with
GO.

® The controller's cycle times must be configured in such a way that preprocessing can
prepare sufficient blocks to enable an acceleration process to be analyzed.
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3.4 Dynamic adaptations

Activation/deactivation
The "smoothing of the path velocity" function is activated/deactivated with the machine data:
MD20460 $MC_LOOKAH_SMOOTH_FACTOR (smoothing factor for LookAhead)

Value Meaning
0.0 Smoothing of the path velocity not active (default)
>0 Smoothing of the path velocity active

A change in the MD setting is only made effective through NEW CONF.

Parameterization
Smoothing factor
The smoothing factor is set via the channel-specific machine data:
MD20460 $MC_LOOKAH_SMOOTH_FACTOR (smoothing factor for LookAhead)

The percentage value defines how much longer a processing step without
accelerations/decelerations may be than the corresponding step with
accelerations/decelerations.

This would be a "worst-case" value, if all accelerations within the part program, except the
initial approach motion, were smoothed. The actual extension will always be smaller, and
may even be 0, if the criterion is not met by any of the accelerations. Values between 50 and
100% may also be entered without significantly increasing the machining time.

Consideration of the programmed feed

The path velocity can be smoothed with or without taking the programmed feedrate into
consideration. The selection is made via the machine data:

MD20462 $MC_LOOKAH_SMOOTH_WITH_FEED (path smoothing with programmed
feedrate)

Value |Meaning

0 Programmed feedrate is not taken into consideration.

1 Programmed feedrate is considered (default setting).

When considering the programmed feedrate, the specified smoothing factor (see MD20460)
is maintained better when the override is 100%.
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3.4 Dynamic adaptations

Axis-specific limit frequencies
The axis-specific limit frequencies are defined via the machine data:
MD32440 $MA_LOOKAH_FREQUENCY (smoothing frequency for LookAhead)

Acceleration and deceleration processes, which run with a high frequency, are smoothed
depending upon the parameterization of the following machine data or else are reduced in
dynamics:

MD20460 $MC_LOOKAH_SMOOTH_FACTOR (smoothing factor for LookAhead)
MD20465 $MC_ADAPT_PATH_DYNAMIC (adaptation of the dynamic path response)

For further information on MD20465, see Section "Adaptation of the dynamic path response
(Page 200)".

Note

If vibrations are generated in the mechanical system of an axis and if the corresponding
frequency is known, MD32440 should be set to a value smaller than this frequency.

The needed resonance frequencies can be calculated using the built-in measuring functions.

Mode of operation

Example

198

The minimum value for MD32440 is calculated as fpath on the basis of the axes involved in
the path. For the smoothing only those acceleration processes are taken into consideration,
in which the start and the end velocity of this motion are reached within the time given below:

t=t2-t1=2/fatn

These acceleration processes are dispensed with if the resulting extension in the processing
time does not exceed the limit specified in excess of the smoothing factor (MD20460).

The following parameters are assumed:

MD20460 $MC_LOOKAH_SMOOTH_FACTOR = 10%
MD32440 $MA_LOOKAH_FREQUENCY[AX1] = 20 Hz
MD32440 $MA_LOOKAH_FREQUENCY[AX2] = 20 Hz
MD32440 $MA_LOOKAH_FREQUENCY[AX3] = 10 Hz

The path involves the three axes X = AX1,Y = AX2, Z = AX3.

The minimum value of MD32440 for these three axes is thus 10 Hz. This means that any
acceleration, which is completed within a period of t2 - t1 = 2/10 Hz = 200 ms, is examined.
The time t2 is the time it takes to reach velocity v1 again following an acceleration process
starting from velocity vi. The extending of the execution time is also only considered within
this range.
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3.4 Dynamic adaptations

If the time t2 - t1 is greater than 200 ms or if the additional program execution time t3 - t2 is
more than 10% (= MD20460) of t2 - t1, the following time characteristic applies:

Figure 3-7  Characteristic of time-optimum path velocity (without smoothing)

If, however, the time t2 - t1 is less than 200 ms or if the additional program execution time ts -
t2 is no more than 10% of t2 - t1, the following time characteristic applies:

v1 -
v2 7777777777777777777777% 7777777777 p

Figure 3-8  Characteristic of the smoothed path velocity
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3.4 Dynamic adaptations
3.4.2 Adaptation of the dynamic path response
Function

Highly dynamic acceleration and deceleration processes during machining can cause
excitation of mechanical vibrations of machine elements and consequently a reduction of the
surface quality of the workpiece.

The dynamic response of the acceleration and deceleration processes can be adapted to the
machine conditions using the "adaptation of the dynamic path response" function.

Note

The "adaptation of the dynamic path response” function only concerns the resulting path and
not the deceleration and acceleration processes of the individual axes involved in the path.
For this reason, critical deceleration and acceleration processes of the axes with respect to
the excitation of mechanical vibrations can occur due to discontinuous contour profiles or
kinematic transformations, even with a constant path velocity profile.

Effectiveness
The "adaptation of the dynamic path response” function is only effective during path motions:
® Continuous-path mode (G64, G64x)

In continuous-path mode, the optimal effect of the dynamic response adaptation is
attained with an active 100% override. Considerable deviations from this value or
functions that cause the path axes to decelerate (e.g. auxiliary function outputs to the
PLC) greatly reduce the desired action.

® Exact stop (G60)

In addition, the "adaptation of the dynamic path response" function is not active during path
motions:

® Programmed rapid traverse (G0)
® Changes in the override value
e Stop requests during motion (e.g. NC Stop, NC Reset)

e "Velocity-dependent path acceleration” function (DRIVE) is active
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3.4 Dynamic adaptations

Activation/deactivation
The function is activated/deactivated with the machine data:
MD20465 $MC_ADAPT_PATH_DYNAMIC (adaptation of the dynamic path response)

Value Meaning
=1.0 Dynamic adaptation not active (default setting)
>1.0 Dynamic adaptation active

When activation takes place, the "smoothing the path velocity" function is always activated
internally in continuous-path mode as well (see Section "Smoothing of the path velocity
(Page 195)").

If the smoothing factor (MD20460 $MC_LOOKAH_SMOOTH_FACTOR) is set to 0%
(= function deactivated; default!), a smoothing factor of 100% is used as a substitute. For a
smoothing factor other than 0%, the set value takes effect.

Parameterization
Adaptation factor of the dynamic path response

Via the adaptation factor of the dynamic path response, temporary changes in the path
velocity are executed with smaller dynamic response limit values.

The adaptation factor is to be set on a channel-specific basis:

® For traversing motions with acceleration without jerk limitation (BRISK) via:
MD20465 $MC_ADAPT_PATH_DYNAMIC[ 0]
- The adaptation factor acts on the acceleration.

® For traversing motions with acceleration with jerk limitation (SOFT) via:
MD20465 $MC_ADAPT_PATH_DYNAMIC[ 1]
— The adaptation factor acts on the jerk.

Axis-specific limit frequencies

The dynamic response limiting should only be active during deceleration and acceleration
processes that trigger mechanical vibrations larger than a specific limiting frequency, thus
causing excitation of machine resonances.

This limit frequency from which the dynamic response limiting activates, is specified on an
axis-specific basis via the machine data:

MD32440 $MA_LOOKAH_FREQUENCY (smoothing frequency for LookAhead)

For further information, see Section "Smoothing of the path velocity (Page 195)".
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3.4 Dynamic adaptations

Mode of operation

Example

202

During processing and via all the axes involved in the path, the controller cyclically
establishes the minimum of all the limit frequencies to be the limit frequency (f) for the
adaptation of the dynamic response and calculates the relevant time window (tadapt) from this:

tadapt =1/f
The size of the relevant time window tadapt determines the further behavior:
1. The time needed to change the velocity is less than tadapt:

The acceleration rates are reduced by a factor > 1 and < the value written in machine
data:

MD20465 ADAPT_PATH_DYNAMIC (adaptation of the path dynamics)
The reduction in acceleration rate increases the time taken to change the velocity.
The following cases are different:

— The acceleration rate is reduced with a value less than MD20465 so that the process
lasts for tadapt [S]. The permitted reduction does not need to be fully utilized.

— The acceleration time is reduced with the value written in MD20465. The process lasts
less than tadapt despite the reduced acceleration. The permitted reduction was fully
utilized.

2. The time needed to change the velocity is greater than tagapt:

No dynamic response adaptation is required.

The following example is intended to show the effect of the "adaptation of the dynamic path
response" function on traversing motions with acceleration and without jerk limitation
(BRISK).

The following parameters are assumed:

MD20465 $MC_ADAPT_PATH_DYNAMIC[O0] = 1.5

MD20460 $MC_LOOKAH_SMOOTH_FACTOR = 1.0

MD32440 $MA_LOOKAH_FREQUENCY[AX1] = 20 Hz Tax1=1/20 Hz = 50 ms
MD32440 $MA_LOOKAH_FREQUENCY[AX2] = 10 Hz Taxe =1/10 Hz = 100 ms
MD32440 $MA_LOOKAH_FREQUENCY[AX3] = 20 Hz Taxs = 1/20 Hz = 50 ms

Note

To illustrate the effect of dynamic response adaptation, the value for the smoothing factor
(MD20460) is set to "1", whereby the "smoothing of the path velocity" function is practically
deactivated.

The path involves the three axes X = AX1,Y = AX2, Z = AX3.

For path motions in which axis AX2 is involved, all deceleration and acceleration processes
that would last less than Taxz are adapted.
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Basic Functions

3.4 Dynamic adaptations

If only axes AX1 and/or AX3 are involved in path motions, all deceleration and acceleration
processes that would last less than Tax1 = Taxs are adapted.

The relevant time window is marked tadapt... in the figures below.

B
tadapt23
! |
v2 | | | I tadapt45 I |
tadapt01 | [ | ‘ ‘ ‘ tadapt67 !
| | |
I I | I
| | |
| | |
! ! ‘ ‘ : ‘ !
t0 t1 t2 t3 t4 t5 t6 t7 t
Figure 3-9 Path velocity profile optimized for time without smoothing or dynamic adaptation
response
B
tadapt23
| | |
tad t04—\ tadapt45 |
v2 acap ‘ [ | | \ |
| | | | | |
| | | | | |
| | | | | |
t
t0 t1 t2 t3 t4 t5 t6 t7

Figure 3-10 Path velocity profile with adaptation of dynamic path response

Intervals to - t1 and t2 - t3:

The acceleration process between to - t1 and the deceleration

process between t2 - t3 are extended in terms of time to
tadaptor OF tadapt2s @s a result of the acceleration being adapted.

Interval t4 - ts:

The acceleration process between t4 - t5 is executed with an

acceleration reduced by the maximum adaptation factor of
1.5. However, the acceleration process is completed before

time tadapt45.
Interval ts - t7:

as it lasts longer than tadapter.

Function Manual, 03/2013, 6FC5397-0BP40-3BA1

The deceleration process between ts - t7 remains unchanged

203



B1: Continuous-path mode, Exact stop, Look Ahead

3.4 Dynamic adaptations

343 Determination of the dynamic response limiting values

In addition to determining the natural frequency of the path axes for assigning parameters to
the axis-specific limit frequencies (MD32440 $MA_LOOKAH_FREQUENCY), the
implementation of the "adaptation of the dynamic path response” function also requires
dynamic response limits to be determined for velocity, acceleration and jerk.

Procedure

The determination of the dynamic response limits for the traversing of path axes by means of
acceleration with jerk limiting (SOFT) is described below. This procedure can be applied by
analogy to the case of acceleration without jerk limiting (BRISK).

1. Deactivate the "adaptation of the dynamic path response" function:
MD20465 $MC_ADAPT_PATH_DYNAMIC[1] = 1

2. Observe the positioning behavior of each path axis at different traversing velocities.
When doing so, set the jerk such that the desired positioning tolerance is maintained.

Note

The higher the traversing velocity from which the positioning process is started, the
higher in general the jerk can be set.

3. Use the maximum permissible jerk determined for the least critical traversing velocity:
MD32431 $MA_MAX_AX_JERK (maximum jerk)
4. Determine the Farp factor for all of the path axes using:

Fapp = (largest determined jerk) / (smallest determined jerk)

Note

The smallest determined jerk is the value for the jerk during the most critical traversing
velocity.

5. Enter the largest Faro factor that was determined via all the path axes as the value for the
adaptation factor for the path dynamic response:

MD20465 $MC_ADAPT_PATH_DYNAMIC[ 1] = Farp
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3.4 Dynamic adaptations

344 Interaction between the "smoothing of the path velocity" and "adaptation of the
path dynamic response” functions

The following examples serve to illustrate the interaction between the "smoothing of the path
velocity" and "adaptation of the path dynamic response" functions in continuous-path mode.

Example 1
Acceleration mode: BRISK
The path involves the 3 axes X = AX1,Y = AX2, Z = AX3.

The following parameters are assumed:

MD20465 $MC_ADAPT_PATH_DYNAMICIO0] = 3
MD20460 $MC_LOOKAH_SMOOTH_FACTOR = 80.0

MD32440 $MA_LOOKAH_FREQUENCY[AX1] =20 Tax1 =1/20 Hz =50 ms

MD32440 $MA_LOOKAH_FREQUENCY[AX2] = 20 Tax2 = 1/20 Hz = 50 ms

MD32440 $MA_LOOKAH_FREQUENCY[AX3] =20 Taxs = 1/20 Hz = 50 ms
Vg

vi2| - -

Figure 3-11  Path velocity profile optimized for time without smoothing or dynamic adaptation
response
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3.4 Dynamic adaptations

v2 )

N\

t1' t2' t3 t4' t5'

Figure 3-12  Path velocity profile with smoothing of the path velocity and adaptation of dynamic path
response

Effects of smoothing on path velocity:

Interval t1 - t2: The acceleration and deceleration process between t1 and t2 does not
take place because the lengthening of the machining time without the
acceleration process to vi2 is less than the resulting time if a smoothing
factor of 80 % is applied.

Interval ts - ts: The acceleration and braking profile between ts and ts does not fulfill
this condition or takes longer than the parameterized smoothing time
Taxn = 2/20 Hz = 100 ms.

Effects of the dynamic response adaptation:

Interval ts - t4: The acceleration process between t3 and t4 is shorter than
MIN(Taxn) = 1/20 Hz = 50 ms and is, therefore, executed with an
acceleration reduced by an adaptation factor of 3.

Interval up to t1: The acceleration up to t1 left over after path smoothing is stretched to
the time period up to t1' by the dynamic response adaptation.

Note

The example shows that those acceleration or deceleration processes that are not
eliminated by the smoothing of the path velocity can be subsequently optimized by adapting
the dynamic path response. For this reason, both functions should always be activated, if
possible.
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Example 2

Basic Functions

3.4 Dynamic adaptations

Acceleration mode: SOFT
The path involves the 3 axes X = AX1,Y = AX2, Z = AX3.

The following parameters are assumed:

MD20465 $MC_ADAPT_PATH_DYNAMIC[1] = 1
MD20460 $MC_LOOKAH_SMOOTH_FACTOR = 0.0

MD32440 $MA_LOOKAH_FREQUENCY[AX1] =10 Tax1 = 1/20 Hz = 100 ms
MD32440 $MA_LOOKAH_FREQUENCY[AX2] = 10 Taxe =1/20 Hz = 100 ms
MD32440 $MA_LOOKAH_FREQUENCY[AX3] = 20 Taxs = 1/20 Hz = 50 ms

This leads to a path velocity profile which is optimized in terms of time without smoothing the
path velocity or adapting the dynamic path response:

Limiting of path velocity based on dynamic
axis response or programmed feed

Path velocity characteristic /

Paod TH g TTT i DT T g0 Thse! TT

Time in interpolation cycles

Block change markers

The parameter assignment is changed as follows:

MD20465 $MC_ADAPT_PATH_DYNAMIC[1] = 4
MD20460 $MC_LOOKAH_SMOOTH_FACTOR = 1.0
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3.4 Dynamic adaptations

208

This results in a path velocity profile with adaptation of the dynamic path response and with
minimum, and thus virtually deactivated, smoothing of the path velocity:

Smoother path velocity due to lower path jerk

ido hBE hRIT Wy TTAshD g0 ard T bl Tk

Time in interpolation cycles

The smoothing factor is set to 0% instead of 1% (in accordance with the default!):

MD20460 $MC_LOOKAH_SMOOTH_FACTOR = 0.0
A smoothing factor of 100% comes into effect with this parameter assignment.

This gives rise to a path velocity profile with smoothing of the path velocity and adaptation of
dynamic path response:

No acceleration or braking, effect of path smoothing
Smoother path velocity due to
reduced path jerk

ol gl T ool TH1e U Taad Tke T g0 1m0 hde THHT
Time in interpolation cycles
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3.4 Dynamic adaptations

345 Dynamic response mode for path interpolation

Function

Technology-specific, dynamic response settings can be saved in machine data and can be
activated in the part program via the commands from G function group 59 (dynamic
response mode for path interpolation).

Command Activates the dynamic response settings for:
DYNNORM Standard dynamic response settings
DYNPOS Positioning mode, tapping

DYNROUGH Roughing

DYNSEMIFIN Finishing

DYNFINISH Smooth finishing

Note

The dynamic response of the path axes alone is determined by the commands from G
function group 59 (dynamic response mode for path interpolation). They have no effect on:

Positioning axes

PLC axes

Command axes

Motions based on axis coupling
Overlaid motions with handwheel
JOG motions

Reference point approach (G74)
Fixed-point approach (G75)
Rapid traverse motion (GO0)

The standard dynamic response setting (DYNNORM) always takes effect for these axis
motions.

Application

By switching the dynamic response settings, roughing can be optimized in terms of time and
smoothing can be optimized in terms of the surface, for example.

Basic Functions
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3.4 Dynamic adaptations

Parameterization

Axial machine data

Number Identifier: $MA_ Description

Axis-specific dynamic response settings

MD32300 | MAX_AX_ACCEL[<n>] Axis acceleration

MD32431 | MAX_AX_JERK[<n>] Max. axial jerk for path motion

MD32432 | PATH_TRANS_JERK_LIM[<n>] Max. axial jerk at the block transition in
continuous-path mode

MD32310 | MAX_ACCEL_OVL_FACTOR[<n>] Overload factor for axial velocity jumps

MD32433 | SOFT_ACCEL_FACTOR[<n>] Scaling of acceleration limitation for SOFT

Path-related dynamic response settings

MD20600 | MAX_PATH_JERK[<n>]

| Path-related maximum jerk

Channel-specific machine data

Number ‘ Identifier: $MC_

‘ Description

Path-related dynamic response settings

MD20602

CURV_EFFECT_ON_PATH_ACCEL[<n>]

Influence of path curvature on the path
acceleration

MD20603

CURV_EFFECT_ON_PATH_JERK][<n>]

Influence of path curvature on the path
jerk

Range of values for index n:

Index <n> Meaning
0 Value for DYNNORM
1 Value for DYNPOS
2 Value for DYNROUGH
3 Value for DYNSEMIFIN
4 Value for DYNFINISH

Note

Writing the machine data without an index places the same value in all field elements of the

relevant machine data.

Reading the machine data without an index always supplies the value of the field with

index 0.
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3.4 Dynamic adaptations

Suppressing G commands

References

3.4.6

Introduction

Basic Functions

It is recommended that G commands from G function group 59 (dynamic response mode for
path interpolation) which are not intended for use should be suppressed via the following
machine data:

MD10712 $SMN_NC_USER_CODE_CONF_NAME_TAB[<n>] (list of reconfigured NC
commands)

When using a suppressed G command, an alarm is displayed in order to ensure that no non-
parameterized machine data takes effect.

Example

The G commands pynros and pynsemirin can be suppressed with the following settings:

e MD10712 $MN_NC_USER_CODE_CONF_NAME_TAB[0]="DYNPOS"

* MD10712 SMN_NC_USER_CODE_CONF_NAME_TABI[1]=""

e MD10712 $MN_NC_USER_CODE_CONF_NAME_TAB[2]="DYNSEMIFIN"

e MD10712 $MN_NC_USER_CODE_CONF_NAME_TAB[3]=""

You can find further information about programming the G commands from G function group
59 (dynamic response mode for path interpolation) in:

References:

Programming Manual, Fundamentals; Section: Path action

Free-form surface mode: Basic functions

In applications in tool and mold making, it is important that the surfaces on the workpiece are
as uniform as possible. This requirement is generally more important than the precision of
the surface of the workpiece.

Workpiece surfaces which lack uniformity can be attributable to the following causes, for
example:

® The part program for manufacturing the workpiece contains a non-uniform geometry.
This, most notably, affects the profile of the curvature and torsion.

Note

The curvature k of a contour is the inverse of radius r of the nestling circle in a contour
point (k = 1/r). The torsion is the change in curvature (first derivative).

As a result of the lack of uniformity in geometry, the machine's dynamic response limits
are reached during processing of the part program, and needless deceleration and
acceleration processes occur. Depending on the extent of the effective over-travel of the
axes, this leads to different deviations in contours.
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3.4 Dynamic adaptations

Function

Applications

Requirements
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e Needless deceleration and acceleration processes can trigger machine vibrations which
result in unwanted marks on the workpiece.

There are various options available for eliminating these causes:

® The part programs generated by the CAD/CAM system contain a very uniform curvature
and torsion profile, preventing needless reductions in path velocity.

® The maximum path velocity is determined in such a way that unwanted geometric
fluctuations in the curvature and torsion profile have no effect.

"Free-form surface mode: Basic functions" can be used to make the definition of path
velocity limits insensitive to small geometric fluctuations in curvature and torsion without
exceeding the machine's dynamic limits in terms of the acceleration and jerk of the axes.

This has the following advantages:
e Greater uniformity in the profile of the path velocity
e Greater uniformity in the surface of the workpiece

® Reduction in the processing time (if the dynamic response of the machine permits it)

The function is used to process workpieces which primarily comprise free-form surfaces.

The function can only be activated if the requisite memory capacity is reserved during
memory configuration:

MD28610 $MC_MM_PREPDYN_BLOCKS = 10

The value entered prescribes the number of blocks which have to be taken into
consideration in the determination of the path velocity (velocity preparation).
A sensible value is "10".

If MD28610 has a value of "0", only the motions of the axes in a particular block are taken
into consideration when determining the maximum velocity of the path for that block. If the
geometry of neighboring blocks is also taken into consideration when determining the
velocity of the path (value > 0), a more uniform profile in path velocity is achieved.

Basic Functions
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3.4 Dynamic adaptations

Activation/deactivation

The function can be switched on or off independently for every dynamic response mode (see
Section "Dynamic response mode for path interpolation (Page 209)"):

MD20606 $MC_PREPDYN_SMOOTHING_ON[<n>] = <value>

Index <n> | Dynamic response mode <value> | Free-form surface mode: Basic
functions

0 Standard dynamic response 0 Off
settings (DYNNORM) 1 on

1 Positioning mode, tapping 0 Off
(DYNPOS) 1 on

2 Roughing (DYNROUGH) 0 Off
1 On

3 Finishing (DYNSEMIFIN) 0 Off
1 On

4 Smooth finishing (DYNFINISH) 0 Off
1 On

Note

Due to the additional storage requirements, the function should only be activated in the
relevant processing channels.

Parameterization
Change in the contour sampling factor

The secant error which occurs during the interpolation of curved contours is dependent on
the following factors:

e Curvature

® Interpolation cycle (display in the MD10071 $MN_IPO_CYCLE_TIME)

® Velocity with which the relevant contour is traversed

The maximum possible secant error is defined for each axis in the machine data:
MD33100 $MA_COMPRESS_POS_TOL (maximum tolerance with compression)

If the set interpolation cycle is not sufficiently small, the max. path velocity may be reduced in
the case of contours with greater curvature. This is necessary for ensuring that the surface of
the workpiece is also produced with an adequate degree of precision in this case.

By changing the contour sampling factor, the time interval with which a curved contour is
sampled in the interpolator (contour sampling time) can be set at variance with the
interpolation cycle. A contour sampling time which is shorter than the interpolation cycle can
prevent a reduction in path velocity in the case of contours with greater curvature.

Basic Functions
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3.4 Dynamic adaptations

The contour sampling factor is set with the machine data:
MD10682 SMN_CONTOUR_SAMPLING_FACTOR

The effective contour sampling time is calculated as follows:

Ts=f*T4
where: Ts = Effective contour sampling time
T+ = Interpolation cycle time
f = Contour sampling factor (value from MD10682)

The default contour sampling factor is "1", i.e. the contour sampling time equals the
interpolation cycle.

The contour sampling factor can be both greater or less than "1".

If a value less than "1" is set, monitoring of contour sampling precision is disabled.

The set sampling time must not be below the configured minimum contour sampling time:
MD10680 $MN_MIN_CONTOUR_SAMPLING_TIME

Note

MD10680 is specifically set for every controller model and cannot be changed.

Programming

Depending on the setting in machine data MD20606 $MC_PREPDYN_SMOOTHING_ON,
"Free-form surface mode: Basic functions" can be switched on and off in the part program by
changing the active dynamic response mode.

Example:

By assigning the parameters MD20606 $MC_PREPDYN_SMOOTHING_ON[2-4] = 1 and
MD20606 $MC_PREPDYN_SMOOTHING_ONI0-1] = 0, the function can be switched on via
the commands pynroucs, pDyNseMIFIN, and pynrinisg and switched off via the commands
DYNNORM and DyNPOS.

See also

Rounding of tangential block transitions (G645) (Page 183)

Velocity-dependent jerk adaptation (axis-specific) (Page 255)

Free-form surface mode: Extension function (Page 191)
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3.5

3.5.1

Function

Availability

Basic Functions

3.5 Compressor functions

Compressor functions

NC block compression

COMPON, COMPCURV

The compressor functions compon and compcurv generate one polynomial block from up to ten
consecutive linear blocks of the form: "co1 x... v... z... r...". The polynomial blocks of
the compressor functions have the following properties:

® compon: Continuous velocity block transitions.

® compcurv: Continuous velocity and acceleration block transitions

COMPCAD

The compressor function comecap can generate one polynomial block from theoretically any
number of linear and circular blocks. The polynomial blocks have constant velocity and
acceleration at the block transitions. Corners that are desirable are identified as such and
taken into account.

The maximum tolerable deviation of the calculated path to the programmed points can be
specified using machine data for all compressor functions. In contrast to coveon and
compcury, the specified tolerances are not used in different directions in neighboring paths
with compcap. In fact, compcap attempts to achieve - under similar conditions - also similar
deviations from the programmed points.

The common objective of compressor functions is to optimize the surface quality and
machining speed by achieving continuous block transitions and increasing the path length for
each block.

comecap is very CPU time and memory-intensive. It is recommended that comecap is only
used there where surface improvements were not successful using measures in the
CAD/CAM program.

General

® The position data in the blocks to be compressed can be realized as required, e.g. x100,
X=AC(100), X=R1* (R2+R3)

® The compression operation is then interrupted by every other command, e.g. auxiliary
function output, in and between the blocks to be compressed.

For SINUMERIK 828D, NC block compression is only available for the milling versions.
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3.5 Compressor functions

Orientation transformation (Traorz)

When orientation transformation (traor1) is active, and under certain conditions, the
compressor functions compon, compcurv and compcap can also compress motion blocks for tool
orientation and tool rotation. A detailed description can be found in:

References:

Function Manual Special Functions; 3- to 5-Axis Transformation (F2),
Section: "Compression of the orientation (compon, compcurv and compcan)”

Parameterization

The following machine and setting data must be set for the parameterization of the NC block

compression:

Channel-specific machine data

Number Identifier $MC_ Meaning
MD20170 COMPRESS_BLOCK_PATH_LIMIT Maximum traversing length of NC block for compression
MD20172 COMPRESS_VELO_TOL Maximum permissible deviation from path feed for compression
MD20482 COMPRESSOR_MODE Setting the mode of operation of the compressor
See also:
References:
Function Manual, Special Functions; Multi-Axis Transformations
(F2),
Section: "Orientation" > "Compression of the orientation"
Channel-specific setting data
Number Identifier $SC_ Meaning
SD42470 CRIT_SPLINE_ANGLE Corner limit angle for coMmpcap
SD42475 COMPRESS_CONTUR_TOL Maximum permissible contour deviation with compression
Note
Corner limit angle and compressor function COMPCAD
The corner limit angle for compcap set via the setting data SD42470
$SC_CRIT_SPLINE_ANGLE is only used as an approximate measure for corner detection.
By evaluating the plausibility, the compressor can also identify flatter block transitions as
corners and larger angles as outliers.
Basic Functions
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3.5 Compressor functions

Axial machine data

Number Identifier SMA_ Meaning
MD33100 COMPRESS_POS_TOL Maximum permissible path deviation with compression

Recommended settings for retroactive machine data

When using the compressor function, the following settings are recommended for the
retroactive machine data on the compressor function:

Number Identifier Recommended value

MD18360 | SMN_MM_EXT_PROG_BUFFER_SIZE 100
(FIFO buffer size for execution from external source)

MD20490 | $MC_IGNORE_OVL_FACTOR_FOR_ADIS 1
(G641/G642 irrespective of the overload factor)

MD28520 | SMC_MM_MAX_AXISPOLY_PER_BLOCK 3
(maximum number of axis polynomials per block)

MD28530 | SMC_MM_PATH_VELO_SEGMENTS 5
(number of memory elements for limiting the path velocity)

MD28540 | SMC_MM_ARCLENGTH_SEGMENTS 10
(number of memory elements for displaying the arc length function)

MD28060 | $MC_MM_IPO_BUFFER_SIZE 100
(number of NC blocks for the block preparation)

MD28070 | $SMC_MM_NUM_BLOCKS_IN_PREP 60
(number of blocks for the block preparation)

MD32310 | $SMA_MAX_ACCEL_OVL_FACTOR <Value for G64
(overload factor for axial velocity jumps) operation>

Programming

Switch on

Compressor functions are activated using the modal G commands compon, coMPCURY OF
COMPCAD.

To further improve the surface quality, the functions ce42 (rounding function) and sorT (jerk
limitation) can be used. The commands must be written together at the beginning of the

program.

Example:

Program code Comment

PROC ...

N10 COMPCAD SOFT G642 ; Activating the COMPCAD compressor
N20 GO1 X... Y... Z... F... ; Traversing blocks 1 ... n

N1000 COMPOF ; Deactivation of the compressor
N1010 RET

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1 217



B1: Continuous-path mode, Exact stop, Look Ahead

3.5 Compressor functions

References

See also

3.5.2

Function

Availability
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Deactivation

All compressor functions are deactivated using the compor command.

The programming of the compressor functions is described in:
Programming Manual Work Preparation

The use of the compressor function with active orientation transformation is described in:
Function Manual Special Functions; Multi-Axis Transformations (F2),
Section: Compression of the orientation

Tolerance and compression of GO blocks (Page 223)

Combine short spline blocks

During the preparation of spline blocks, blocks with short lengths can always occur between
blocks with long lengths. This can mean that the path velocity must always be significantly
reduced before these short blocks.

With the "Combine short spline blocks" function, the spline blocks are prepared in such a
way that blocks with short lengths are avoided and therefore traversing can be performed
smoothly with a high path velocity.

Note
NC block compressor

The NC block compressor (compon, coMpcURY OF compcap) cannot be employed while
compressing spline blocks, since with this only linear blocks can be compressed.

System Availability
SINUMERIK 840D sl Standard (basic scope)
SINUMERIK 828D Option

Basic Functions
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Activation

3.5 Compressor functions

The "Combine short spline blocks" function can be activated for the following spline types:
® BSPLINE

L BSPLINE/ORICURVE

® CSPLINE

The activation is done using machine data:

MD20488 $MC_SPLINE_MODE, bit <n> = <value> (setting for spline interpolation)

Bit_| <value> | Meaning: "Combine short spline blocks" function ...

0 0 For BSPLINE not active
For BSPLINE active

For BSPLINE/ORICURVE not active
For BSPLINE/ORICURVE active

For CSPLINE not active

= (O = O |-

For CSPLINE active

Supplementary conditions

Example

Basic Functions

e Spline blocks can only be combined if no other functions are programmed except
traversing motions and feedrate. With, for example, auxiliary functions that are output on
the PLC, the spline blocks cannot be combined.

® The maximum number of blocks that can be combined into a program section in
succession, depends on the size of the memory available for blocks in the block
preparation.

MD28070 $MC_MM_NUM_BLOCKS_IN_PREP (number of blocks for block preparation)

In order to attain a higher path velocity when executing the following program, the "Combine
short spline blocks" function is activated for BSPLINE interpolation:

MD20488 $MC_SPLINE_MODE, Bit 0 = 1

Program code Comment

PROC P1

N10 G1 G64 X0 YO ZO F1000

N20 G91 F10000 BSPLINE

; BSPLINE interpolation with Combine short spline blocks from this point
N30 X0.001 Y0.001 Z0.001

N40 X0.001 Y0.001 Zz0.001

N50 X0.001 Y0.001 Zz0.001

N60 X0.001 Y0.001 Z0.001

N70 X0.001 Y0.001 Z0.001
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3.6 Contour/Orientation tolerance

3.6

Program code Comment

N80 X0.001 Y0.001 Zz0.001

N1000 M30

Contour/Orientation tolerance

Parameterization for the contour/orientation tolerance

220

The maximum permissible contour deviation (contour tolerance) and the maximum
permissible angular deviation for the tool orientation (orientation tolerance) are defined in the
machine data for every axis:

MD33100 $MA_COMPRESS_POS_TOL (maximum tolerance with compression)

The value set is valid both for the compressor functions and for the rounding functions with
the exception of G641 (in this case, the distance to the block transition programmed with
ADIS/ADISPOS applies).

Tolerance values from the following setting data may also be effective instead of MD33100:
SD42465 $SC_SMOOTH_CONTUR_TOL (maximum contour deviation)
SD42466 $SC_SMOOTH_ORI_TOL (maximum angular deviation of the tool orientation)

The manner in which the tolerance values from MD33100 and from the SD42645 and
SD42466 setting data are to be taken into consideration is set as follows:

® For the rounding functions - via the decimal places in the machine data:
MD20480 $MC_SMOOTHING_MODE (rounding behavior with G64x)

® For the compressor functions - via the ones position in the machine data:
MD20482 $MC_COMPRESSOR_MODE (mode of compression)

Further machine and setting data which are of relevance in contour and orientation tolerance
settings are:

e MD33120 $MA_PATH_TRANS_POS_TOL (max. deviation when rounding with G645)

The value from MD33120 is effective when rounding block transitions with uniform
tangents and non-uniform curvature (e.g. circle/straight line transition) with G645.

e SD42676 $SC_ORI_SMOOTH_TOL
This setting data determines the tolerance when rounding the surface with OST.
e SD42678 $SC_ORISON_TOL

This setting data determines the tolerance when smoothing the orientation with ORISON.

Basic Functions
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3.6 Contour/Orientation tolerance

Programming the contour/orientation tolerance

The machine and setting data described here take effect when the program is started and
determine the tolerances for all compressor functions, the rounding functions G642, G643,
G645, OST, and the ORISON orientation smoothing.

However, the NC program can overwrite these configured tolerances. The NC programmer
has the following commands at his/her disposal for this purpose:

Command Syntax Meaning

CTOL CTOL=<value> Contour tolerance
OTOL OTOL=<value> Orientation tolerance
ATOL [<axis>] ATOL [<axis>] =<value> Axis-specific tolerance

croL and otor have priority over aTor.

Programming does not trigger a preprocessing stop. If possible, it does not interrupt NC
block compression either.

The programmed values are valid until they are reprogrammed or deleted by being written
with a negative value. They are also deleted at the end of a program, in the event of a
channel reset, a mode group reset, an NCK reset (warm restart), and POWER ON (cold
restart). On deletion of these values, the values from the machine and setting data are
restored.

New values can be programmed and become effective in any block.

Note

The programmed tolerance also acts upon functions which are only implicitly dependent
upon the tolerance. These are currently:

e Limiting the chord error in the setpoint value calculation

e The basic functions of the free-form surface mode

Note

The following rounding functions are not affected by the programming of cror, otor, and

ATOL:

¢ Rounding orientation with OSD
Reason: OSD does not use a tolerance, it uses a distance from the block transition.

¢ Rounding with G644
Reason: G644 is not used for processing, it is used for optimizing tool changes and other
movements in air.

¢ Rounding block transitions with uniform tangents and non-uniform curvature with G645
G645 virtually always behaves like G642 and, thus, uses the programmed tolerances.
The tolerance value from machine data MD33120 $MA_PATH_TRANS_POS_TOL is only
used in uniformly tangential block transitions with a jump in curvature, e.g. a tangential
circle/straight line transition. The rounding path at these points may also be located
outside the programmed contour, where many applications are less tolerant.

Furthermore, it generally takes a small, fixed tolerance to compensate for the sort of
changes in curvature which need not concern the NC programmer.
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3.6 Contour/Orientation tolerance

Read tolerance values

222

For more advanced applications or for diagnostics, the currently valid tolerances for the
compressor functions (COMPON, COMPCURYV, COMPCAD), the smoothing types G642,
G643, G645, OST, and the orientation smoothing ORISON can be read via system variables
irrespective of how they might have come about.

® For the display in the user interface, in synchronized actions or with a preprocessing stop
in the part program via the system variables:

$AC _CTOL Contour tolerance effective when the current main run
record was preprocessed.

If no contour tolerance is effective, $AC_CTOL will
return the root from the sum of the squares of the
tolerances of the geometry axes.

$AC OTOL Orientation tolerance effective when the current main
run record was preprocessed.

If no orientation tolerance is effective, SAC_OTOL will
return the root from the sum of the squares of the
tolerances of the orientation axes during active
orientation transformation. Otherwise, it will return the
value "-1".

$AA_ATOL[<axis>] Axis tolerance effective when the current main run
record was preprocessed.

If no contour tolerance is active,
$AA_ATOL[<geometry axis>] returns the contour
tolerance divided by the root of the number of
geometry axes.

If an orientation tolerance and an orientation
transformation are active $AA_ATOL[<orientation
axis>] will return the orientation tolerance divided by
the root of the number of orientation axes.

Note

If no tolerance values have been programmed, the $A variables will not be differentiated
sufficiently to distinguish potential differences in the tolerances of the individual functions,
since they can only declare one value.

Circumstances like this can occur if the machine data and the setting data set different
tolerances for compressor functions, smoothing and orientation smoothing. The variables
then return the greatest value prevailing with regard to the currently active functions.

If, for example, a compressor function is active with an orientation tolerance of 0.1° and
ORISON orientation smoothing with 1°, the $AC_OTOL variable will return the value "1". If
orientation smoothing is deactivated, only the value "0.1" will remain to be read.
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Function Manual, 03/2013, 6FC5397-0BP40-3BA1



B1: Continuous-path mode, Exact stop, Look Ahead
3.7 Tolerance and compression of GO blocks

e \Without preprocessing stop in the part program via system variables:

$P_CTOL Programmed contour tolerance
$P_OTOL Programmed orientation tolerance
$SPA_ATOL Programmed axis tolerance

Note

If no tolerance values have been programmed, the $P variables return the value "-1".

3.7 Tolerance and compression of GO blocks

Function

The function "Tolerance and compression of GO blocks" allows rapid traverse motion to be
executed faster.

It consists of the following components:
1. Configuring/programming an independent tolerance factor for GO motion

Using this factor, the tolerances for GO motion can be set differently to the workpiece
machining tolerances.

2. Compressing GO blocks

If this functionality is selected, for active NC block compression, in addition to traversing
blocks with G1 (straight line interpolation), traversing blocks with GO (rapid traverse) are
compressed.

Effectiveness

1. The GO tolerance factor is only effective, if:

® One of the following functions is active:
— Compressor functions: COMPON, COMPCURV and COMPCAD
— Smoothing functions: G642 and G645
— Orientation smoothing: OST
— Orientation smoothing: ORISON
— Smoothing for path-relevant orientation: ORIPATH

® Several (2 2) consecutive GO blocks in the part program.

For a single GO block, the GO tolerance factor is not effective, as at the transition from a
non GO motion to a GO motion (and vice versa), the "lower tolerance" always applies
(workpiece machining tolerance)!

2. The compression of GO blocks becomes effective:
® For NC block compression (COMPON, COMPCURYV or COMPCAD).

Basic Functions
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3.7 Tolerance and compression of GO blocks

Configuration

Programming

224

GO tolerance factor
The GO tolerance factor is set channel-specific with the machine data:
MD20560 $MC_GO_TOLERANCE_FACTOR (tolerance factor for GO)

The GO tolerance factor can be both greater or less than 1.0. If the factor equals 1.0 (default
value), then the same tolerances for GO blocks are effective as for non-GO blocks. Normally,
the GO tolerance factor is set to = 1.0.

Compressing GO blocks

The compression of GO blocks is set for specific channels using the hundreds position in the
machine data:

MD20482 $MC_COMPRESSOR_MODE (mode of compression)

Value Meaning
0xx Circular blocks and GO blocks are not compressed.
1xx Circular blocks are compressed. Only COMPCAD.
2xx GO blocks are compressed.
See also MD20560 $MC_GO_TOLERANCE_FACTOR or NC command STOLF
3xx Circular blocks and GO blocks are compressed.

A more detailed description of MD20482 can be found in:
References:

Function Manual Special Functions; Multi-Axis Transformations (F2),
Section: Compression of the orientation

The tolerance factor set using MD20560 $MC_GO_TOLERANCE_FACTOR can be
temporarily overwritten by programming stovrr in the part program:

Syntax. STOLF=<...>

Example:

Program code Comment

COMPCAD G645 G1 F10000 ; Compressor function COMPCAD

X.o.. Yoo, Z... ; The machine and setting data apply here.

X.o.o.o Y., Z2...

Xoo.o Yoo, 2.,

GO X... Y... Z...

GO X... Y... Z... ; Machine data $MC_GO_TOLERANCE FACTOR (e.g. =3), is

effective here, i.e. a smoothing tolerance of

$MC_GO_TOLERANCE FACTOR*$MA COMPRESS_POS_TOL.
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3.7 Tolerance and compression of GO blocks

Program code Comment

CTOL=0.02

STOLF=4

Gl X... Y... Z... ; A contour tolerance of 0.02 mm is applied starting

from here.

X... Y... Z... ; From here, a GO tolerance factor of 4 applies, i.e. a

contour tolerance of 0.08 mm.

The value in MD20560 is not changed by programming the tolerance factor. After a reset or
end of part program, the value set using MD20560 is effective again.

Reading the tolerance factor

The GO tolerance factor, effective in the part program or in the actual IPO block, can be read
using system variables.

® For the display in the user interface, in synchronized actions or with a preprocessing stop
in the part program via the system variable:

$AC _STOLF Active GO tolerance factor

GO tolerance factor, which was effective when processing the
actual main run block.

e \Vithout preprocessing stop in the part program via the system variable:

$P_STOLF Programmed GO tolerance factor

If no value with storr is programmed in the active part program, then these two system
variables supply the value set using MD20560 $MC_GO0_TOLERANCE_FACTOR.

If no rapid traverse (GO) is active in a block, then these system variables always supply a
value of 1.
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3.8 RESET behavior
3.8 RESET behavior
MD20150

3.9

3.9.1

3.9.2

226

The channel-specific initial state is activated via a RESET for G function groups:
MD20150 $MC_GCODE_RESET_VALUES (initial setting of the G groups)

The following G function groups are of relevance to "continuous-path mode, exact stop,
LookAhead":

e Group 10: Exact stop - continuous-path mode

® Group 12: Block-change criterion for exact stop

e Group 21: Acceleration profile

e Group 30: NC block compression

® Group 59: Dynamic response mode for path interpolation

For detailed information on setting initial states, see Section "K1: Mode group, channel,
program operation, reset response (Page 451)".

Supplementary conditions

Block change and positioning axes

If path axes are traversed in continuous path mode in a part program, traversing positioning
axes can also simultaneously affect both the response of the path axes and the block
change.

A detailed description of the positioning axes can be found in:
References:
Function Manual, Extended Functions; Positioning axes (P2)

Block change delay

Even if all path axes and special axes traversing in the part program block have satisfied
their specific block transition criteria, the block change can still be delayed due to other
unsatisfied conditions and/or active functions:

Examples:
® Missing auxiliary function acknowledgement by the PLC
e Non-existent following blocks

e Active function "Empty buffer"
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Effects

3.10 Data lists

If a block change cannot be executed in continuous path mode, all axes programmed in this
part program block (except cross-block traversing special axes) are stopped. In this case,

contour errors do not occur.

The stopping of path axes during machining can cause undercuts on the workpiece surface.

3.10 Data lists
3.10.1 Machine data
3.10.1.1 General machine data

Number Identifier: SMN_

Description

10110 PLC_CYCLE_TIME_AVERAGE

Average PLC acknowledgment time

10680 MIN_CONTOUR_SAMPLING_TIME

Minimum contour sampling time

10682 CONTOUR_SAMPLING_FACTOR

Contour sampling factor

10712 NC_USER_CODE_CONF_NAME_TAB

List of reconfigured NC commands

12030 OVR_FACTOR_FEEDRATE

Evaluation of the path feed override switch

12100 OVR_FACTOR_LIMIT_BIN

Limit for binarycoded override switch

18360 MM_EXT_PROG_BUFFER_SIZE

FIFO buffer size for execution from external source
(DRAM)

3.10.1.2 Channelspecific machine data

Number Identifier: $MC_

Description

20150 GCODE_RESET_VALUES

Initial setting of the groups

20170 COMPRESS_BLOCK_PATH_LIMIT

Maximum traversing length of NC block for
compression

20172 COMPRESS_VELO_TOL

Maximum permissible deviation from path feed for
compression

20400 LOOKAH_USE_VELO_NEXT_BLOCK

LookAhead following block velocity

20430 LOOKAH_NUM_OVR_POINTS

Number of override switch points for LookAhead

20440 LOOKAH_OVR_POINTS

Override switch points for LookAhead

20443 LOOKAH_FFORM

Activating the extended LookAhead

20450 LOOKAH_RELIEVE_BLOCK_CYCLE

Relief factor for the block cycle time

20460 LOOKAH_SMOOTH_FACTOR

Smoothing factor for LookAhead

20462 LOOKAH_SMOOTH_WITH_FEED

Smoothing with programmed feed

Basic Functions
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3.10 Data lists

Number Identifier: $MC_ Description
20465 ADAPT_PATH_DYNAMIC Adaptation of path dynamic response
20480 SMOOTHING_MODE Rounding behavior with G64x
20482 COMPRESSOR_MODE Compressor mode
20488 SPLINE_MODE Setting for spline interpolation
20490 IGNORE_OVL_FACTOR_FOR_ADIS G641/G642 independent of the overload factor
20550 EXACT_POS_MODE Exact-stop conditions with GO/G1
20560 GO_TOLERANCE_FACTOR GO tolerance factor
20600 MAX_PATH_JERK Pathrelated maximum jerk
20602 CURV_EFFECT_ON_PATH_ACCEL Influence of path curvature on path dynamic response
20603 CURV_EFFECT_ON_PATH_JERK Influence of path curvature on path jerk
20606 PREPDYN_SMOOTHING_ON Activation of the curvature smoothing
28060 MM_IPO_BUFFER_SIZE Number of NC blocks in IPO buffer (DRAM)
28070 MM_NUM_BLOCKS_IN_PREP Number of NC blocks for block preparation (DRAM)
28520 MM_MAX_AXISPOLY_PER_BLOCK Maximum number of axis polynomials per block
28530 MM_PATH_VELO_SEGMENTS Number of storage elements for limiting path velocity
in block
28533 MM_LOOKAH_FFORM_UNITS Storage for the extended LookAhead
28540 MM_ARCLENGTH_SEGMENTS Number of storage elements for arc length function
representation per block
28610 MM_PREPDYN_BLOCKS Number of blocks for velocity preparation
3.10.1.3 Axis/spindlespecific machine data
Number Identifier: $MA_ Description
32310 MAX_ACCEL_OVL_FACTOR Overload factor for axial velocity jumps
32431 MAX_AX_JERK Maximum axial jerk when traversing along the path
32432 PATH_TRANS_JERK_LIM Maximum axial jerk at the block transition in
continuous-path mode
32433 SOFT_ACCEL_FACTOR Scaling of acceleration limitation for SOFT
32434 GO00_ACCEL_FACTOR Scaling of acceleration limitation for GO0
32435 GO00_JERK_FACTOR Scaling of axial jerk limitation for GOO
32440 LOOKAH_FREQUENCY Smoothing limit frequency for LookAhead
33100 COMPRESS_POS_TOL Maximum deviation with compensation
33120 PATH_TRANS_POS_TOL Maximum deviation when rounding with G645
35240 ACCEL_TYPE_DRIVE DRIVE acceleration characteristic for axes on/off
36000 STOP_LIMIT_COARSE Exact stop coarse
36010 STOP_LIMIT_FINE Exact stop fine
36012 STOP_LIMIT_FACTOR Exact stop coarse/fine factor and zero speed
monitoring
36020 POSITIONING_TIME Delay time exact stop fine
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3.10.2 Setting data

3.10.2.1 Channelspecific setting data

3.10 Data lists

Number Identifier; $SC_

Description

42465 SMOOTH_CONTUR_TOL

Max. contour deviation during rounding

42466 SMOOTH_ORI_TOL

Max. deviation of the tool orientation during rounding

42470 CRIT_SPLINE_ANGLE

Core limit angle, compressor

42475 COMPRESS_CONTUR_TOL

Maximum contour deviation in the compressor

3.10.3 Signals
3.10.3.1 Signals from channel
Signal name SINUMERIK 840D sl SINUMERIK 828D

All axes stationary

DB21, ... .DBX36.3

DB3300.DBX4.3

3.10.3.2 Signals from axis/spindle

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

Position reached with exact stop coarse

DB31, ... .DBX60.6

DB390x.DBX0.6

Position reached with exact stop fine

DB31, ... .DBX60.7

DB390x.DBX0.7
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3.10 Data lists

Basic Functions
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B2: Acceleration 4

4.1 Brief description

411 General

Scope of functions
The Description of Functions covers the following sub-functions:
® Acceleration
® Jerk
e Kneeshaped acceleration characteristic
Acceleration and jerk

The effective acceleration and jerk can be optimally matched to the machine and machining
situation concerned using axis- and channel-specific programmable maximum values,
programmable acceleration profiles in part programs and synchronized actions, and dynamic
adaptations and limitations.

Kneeshaped acceleration characteristic

The knee-shaped acceleration characteristic means that, in the case of machine axes
featuring a motor (in particular stepper motors) with a torque characteristic that is highly
dependent upon speed, acceleration can be set at the level required to ensure optimum
utilization of the motor whilst at the same time protecting it against overload.

412 Features

Acceleration
Axis-specific functions:
® Programmable maximum acceleration value
® Acceleration profile that can be selected via part-program instruction:
Acceleration without jerk limitation (er1ska)
® Setting of maximum value using part-program instruction (acc)
® Specific maximum value for programmed rapid traverse (coo).
® Specific maximum value for traverse with active jerk limitation

e Excessive acceleration for non-tangential block transitions

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1 231



B2: Acceleration

4.1 Brief description

Channel-specific functions:

Jerk

Acceleration profile that can be selected via part-program instruction:
Acceleration without jerk limitation (srzsx)

Programmable constant travel time for the purpose of avoiding extreme sudden
acceleration

Programmable acceleration margin for overlaid traversing
Adjustable acceleration limitation
Adjustable acceleration for specific real-time events

Programmable acceleration margin for radial acceleration

Axis-specific functions:

Acceleration profile that can be selected via part-program instruction:
Acceleration with jerk limitation (sorta)
Programmable maximum jerk value for single-axis interpolation

Programmable maximum jerk value for path interpolation

Channel-specific functions:

Acceleration profile that can be selected via part-program instruction:
Acceleration with jerk limitation (sort)

Adjustable jerk limitation

Adjustable path jerk for specific real-time events

Specific maximum value for programmed rapid traverse (coo)

Excessive jerk for block transitions without constant curvature

Kneeshaped acceleration characteristic

A knee-shaped acceleration characteristic is parameterized using the following characteristic
data:

232

Maximum velocity Vmax
Maximum acceleration amax
Creep velocity Vred

Creep acceleration ared

Nature of the acceleration reduction (constant, hyperbolic, linear)

Basic Functions
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4.2 Functions
4.2 Functions
421 Acceleration without jerk limitation (BRISK/BRISKA) (channel/axis-specific)
4211 General Information

General Information

In the case of acceleration without jerk limitation (jerk = infinite) the maximum value is
applied for acceleration immediately. As regard to acceleration with jerk limitation, it differs in
the following respects:

e Advantages
Shorter processing times with the same maximum values for velocity and acceleration.
e Disadvantages

Increased load on the machine's mechanical components and risk of inducing high-
frequency and difficult-to-control mechanical vibrations.

Acceleration profile

ad
* amax
t
"fmax F-—————————————— | |
| |
vh | |
| |
| |
FVmaxf - — ‘ |
| |
| |
| |
| |
|
t0 t1 t2 t
Amax: Maximum acceleration value
Vmax: Maximum velocity value
t: Time

Figure 4-1 Velocity and acceleration schematic for stepped acceleration profile
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4.2 Functions
The following features of the acceleration profile can be identified from the figure above:
® Time: to
Sudden acceleration from 0 to +amax
® |nterval: to - t1
Constant acceleration with +amax; linear increase in velocity
e Time: t1
Sudden acceleration from 2 * amax with immediate switchover from acceleration to braking
Note
The sudden acceleration can normally be avoided by specifying a constant velocity time
(see Section "Constant travel time (channel-specific) (Page 237)").
® Interval: t1-t2
Constant acceleration with -amax; linear decrease in velocity
421.2 Parameterization

Maximum axial acceleration for path motions

The maximum axial acceleration for path motions can be set for the specific technology for
each machine axis via the following machine data:

MD32300 $MA_MAX_AX_ACCEL[<parameter set index>]
With <parameter set index> =0, 1, 2 ... (max. parameter set number - 1)

For the technology-specific parameter sets, see Section "Dynamic response mode for path
interpolation (Page 209)".

The path parameters are calculated by the path planning of the preprocessing so that the
parameterized maximum values of the machine axes involved in the path are not exceeded.

Note

It is possible for the maximum value to be exceeded in connection with specific machining
situations (see Section "Acceleration matching (ACC) (axis-specific) (Page 238)" and "Path
acceleration for real-time events (channel-specific) (Page 241)").
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4.2 Functions

Maximum axial acceleration for positioning axis motions

With positioning axis motions, one of the two following maximum values is effective
depending on the set positioning axis dynamic response mode:

e MD32300 $MA_MAX_AX_ACCEL [0] (maximum axial acceleration for path motions in the
dynamic response mode DYNNORM)

e MD32300 $MA_MAX_AX_ACCEL [1] (maximum axial acceleration for path motions in the
dynamic response mode DYNPOS)

The positioning axis dynamic response mode is set in the NC-specific machine data:
MD18960 $MN_POS_DYN_MODE = <mode>

<mode> | Meaning
0 Effective maximum axial acceleration: MD32300 $MA_MAX_AX_ACCEL[ 0]
1 Effective maximum axial acceleration: MD32300 $MA_MAX_AX_ACCEL[ 1]

Maximum axial acceleration for JOG motions

For JOG mode, a JOG-specific maximum acceleration value can be configured for each
machine axis (see Section "Acceleration and jerk for JOG motions (Page 269)").

4213 Programming

Path acceleration without jerk limitation (BRISK)

Syntax

Functionality

Reset response

Basic Functions

BRISK

The Br1sk part-program instruction is used to select the "without jerk limitation" acceleration
profile for the purpose of path acceleration.

G group: 21
Effective: Modal

The channel-specific initial setting is activated via a reset:
MD20150 $MC_GCODE_RESET_VALUES[20]
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4.2 Functions

Supplementary conditions

If the acceleration profile is changed in a part program during machining (erisk/sorT) an
exact stop is performed at the end of the block.

Single-axis acceleration without jerk limitation (BRISKA)

Syntax

BRISKA (a8XIS{,axisp)

Function

The sr1ska part-program command is used to select the "without jerk limitation" acceleration
profile for single-axis movements (JOG, JOG/INC, positioning axis, reciprocating axis, etc.).

G group: -
Effectiveness: Modal
Axis:

® Value range: Axis name of the channel axes

Axis-specific initial setting

Acceleration without jerk limitation can be set as the axis-specific initial setting for single-axis
movements:

MD32420 $MA_JOG_AND_POS_JERK_ENABLE = FALSE

Reset behavior
The axis-specific initial setting is activated via a reset:
MD32420 $MA_JOG_AND_POS_ENABLE
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422 Constant travel time (channel-specific)
4221 General Information
Overview

4.2 Functions

In the case of acceleration without jerk limitation, sudden acceleration of 2 * amax 0ccurs on
switchover between acceleration and braking. In order to avoid this sudden acceleration, a
channel-specific constant travel time can be programmed. The constant travel time defines
the time taken to traverse between the acceleration and braking phases at constant velocity:

MD20500 $MC_CONST_VELO_MIN_TIME (minimum time with constant velocity)

Note

The constant travel time is ineffective:
e Active function: Look Ahead
¢ In traversing blocks with a travel time that is less or equal to the interpolation cycle time.

+a

max

" @max

+v

max

dmax:

Vmax:

t:

Characteristic with constant travel time
Characteristic without constant travel time
Maximum acceleration value

Maximum velocity value

Time

Figure 4-2  Schematic for abrupt acceleration
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4.2 Functions

The effect of the constant travel time can be seen from the figure above:
® Time:t
End of acceleration phase with sudden acceleration 1 * amax
® |[nterval: t1 - t2
Acceleration 0; constant velocity using the parameterized constant travel time
e Time: t2
Start of braking phase with sudden acceleration 1 * amax

The times to, t1' and t2' indicate the characteristic that would have been produced had no
constant travel time been defined.

42272 Parameterization

The constant travel time is parameterized for specific channels using machine data:

MD20500 $MC_CONST_VELO_MIN_TIME
(minimum time with constant velocity)

423 Acceleration matching (ACC) (axis-specific)

4231 General Information

Function

A part-program command (acc) can be used to match the acceleration of specific axes to the
current machining situation. The range used for this purpose is anywhere between greater
than 0% and less than or equal to 200% of the maximum value programmed in the machine
data.

Effectiveness

Effective Acceleration matching is effective for all types of interpolation in AUTOMATIC and
MDA operating modes as well as with dry-run feed.

Ineffective Acceleration matching is ineffective in JOG and JOG/REF (reference point
approach) operating modes.

Acceleration matching is also ineffective if the machine axes have been brought to a
standstill via a quick stop due to the detection of a fault (setpoint = 0).

4232 Programming

Syntax

Acclaxis] = adjustment factor

Basic Functions
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Functionality

Reset behavior

4.2 Functions

The acc part-program command is used to adjust the maximum acceleration value of a
machine axis.

Axis:

® Value range: Axis name for the channel's machine axes
Adjustment factor:

® Value range: 0 < adjustment factor < 200

e Unit: Percent

Deactivate: accaxis) = 100

Effectiveness: Modal

The behavior during channel RESET or M30 can be controlled via MD32320
SMA_DYN_LIMIT_RESET_MASK :

Bit 0: 0 The programmed ACC value is reduced to 100% with channel RESET/M30.
Bit 0: 1 The programmed ACC value is retained beyond channel RESET/M30.

424 Acceleration margin (channel-specific)

4241 General Information

General information

Under normal circumstances, preprocessing makes maximum use of the parameterized
maximum values of the machine axes for the purpose of path acceleration. In order that an
acceleration margin may be set aside for overlaid movements, e.g., within the context of the
"Rapid lift away from the contour” function, path acceleration can be reduced by a
programmable factor. When, for example, a factor of 0.2 is applied, preprocessing will only
use 80% of the maximum possible path acceleration. 20% is set aside as an acceleration
margin for overlaid movements.

4242 Parameterization

Basic Functions

Parameters for the acceleration margin are assigned for each channel by means of machine
datum:

MD20610 $MC_ADD_MOVE_ACCEL_RESERVE

(acceleration margin for overlaid motions)
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4.2 Functions
425 Path-acceleration limitation (channel-specific)
4251 General Information

General Information

To enable a flexible response to the machining situations concerned, setting data can be
used to limit the path acceleration calculated during preprocessing for specific channels:

SD42500 $SC_SD_MAX_PATH_ACCEL (maximum path acceleration)

The value specified in the setting data is only taken into account if it is smaller than the path
acceleration calculated during preprocessing.

The limitation must be activated for specific channels using setting data:
SD42502 $SC_IS_SD_MAX_PATH_ACCEL = TRUE

4252 Parameterization

Parameterization is carried out for specific channels using setting data:
SD42500 $SC_SD_MAX_PATH_ACCEL (maximum path acceleration)
SD42502 $SC_IS_SD_MAX_PATH_ACCEL (activation of path-acceleration limitation)

4253 Programming

Limit value

Syntax

Functionality

Switch ON/OFF

240

$SC_SD MAX PATH ACCEL = /imit value

The path-acceleration limitation can be adjusted for the situation by programming the setting
data.

Limit value:

® Value range: 20

e Unit: m/s2

Application:

® Part program

e Static synchronized action

Basic Functions
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Syntax

Functionality

4.2.6

4.2.6.1

4.2 Functions

$SC_IS SD MAX PATH ACCEL = Value

The path-acceleration limitation can be activated/deactivated by programming the setting
data.

Parameter: Value

® Value range: TRUE, FALSE
Application:

® Part program

e Static synchronized action

Path acceleration for real-time events (channel-specific)

General Information

General Information

Limitation

Basic Functions

So that no compromise has to be made between machining-optimized acceleration on the
one hand and time-optimized acceleration in connection with the following real-time events
on the other:

e NC Stop /NC Start
® (Changing the feedrate override

® Changing the velocity default for "safely reduced velocity" within the context of the "Safety
Integrated" function

For the real-time events mentioned above, the path acceleration can be specified using a
channel-specific system variable:

$AC_PATHACC = path acceleration

Real-time event acceleration will only be active for the duration of the change in velocity in
respect of one of the real-time events specified above.

If the specified path acceleration exceeds the capabilities of the machine axes that are of
relevance for the path, a limit will be imposed on the path acceleration within the controller
so that the resulting axial acceleration (ares) is restricted to less than 2x the parameterized
maximum axial value (amax).

ares = 2 * amax, With amax = MD32300 $MA_MAX_AX_ACCEL

Note

Path acceleration for real-time events is enabled, irrespective of the radial acceleration.
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4.2 Functions

Effectiveness

Programming

Effective Real-time event acceleration is only enabled in AUTOMATIC and MDA operating
modes in conjunction with the following real-time events:

e NC Stop/NC Start
e Override changes

¢ Changing the velocity default for "safely reduced velocity" within the context of the
"Safety Integrated" function

Not effective | Path acceleration for real-time events is ineffective for changes in path velocity that
are attributable to path planning during preprocessing for the channel, such as
contour curvatures, corners, kinematic transformation limitations, etc.

Real-time-event path acceleration is ineffective if the programmed value is smaller
than the path acceleration calculated during preprocessing for the path section

concerned.

For information about programming system variables in the part program or synchronized
actions, see Section "Programming (Page 242)".

426.2 Programming

Syntax

Functionality

Reset response

$AC PATHACC = path acceleration

Real-time-event path acceleration is set via the channel-specific system variables.
Parameter: Path acceleration

® Value range: Path acceleration 2 0

® Unit: m/s2

Deactivation: sac_paTnacc = o

Application:

® Part program

e Static synchronized action

Real-time-event path acceleration is deactivated on reset.

Supplementary conditions

242

Programming sac_ratuacc in the part program automatically triggers a preprocessing stop
with REORG (sToPRE).
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4.2.7

4271

JOG setup mode

4272

4.2.8

4.2.81

Function

Basic Functions

4.2 Functions

Acceleration with programmed rapid traverse (G00) (axis-specific)

General Information

Frequently, the acceleration for the machine axes involved in the machining process must be
set lower than the machine's performance capability officially allows because of the
supplementary conditions associated with the specific process concerned.

For time-optimized traversing of the machine axes with programmed rapid traverse (part-
program instruction coo), a specific maximum value can be programmed for the axis-specific
acceleration.

This function does not affect acceleration in respect of a rapid traverse override in JOG
setup mode.

Parameterization

The maximum value for axis-specific acceleration with programmed rapid traverse is
parameterized (coo) using the axis-specific machine data:

MD32434 $MA_G00_ACCEL_FACTOR
(scaling of the acceleration limitation with G0O)

This is used to generate the maximum value for axis-specific acceleration with programmed
rapid traverse (coo) that is taken into account by the path planning component during
preprocessing:

Acceleration[axis] =
MD32300 $MA_MAX_AX_ACCEL * MD32434 $MA_GO0_ACCEL_FACTOR

Acceleration with active jerk limitation (SOFT/SOFTA) (axis-specific)

General Information

Compared with acceleration without jerk limitation, acceleration with jerk limitation results in
a certain degree of time loss, even when the same maximum acceleration value is used. To
compensate for this time loss, a specific maximum value can be programmed for the axis-
specific acceleration as far as traversing of the machine axes with active jerk limitation
(sorT/sorTa) is concerned.
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4.2 Functions
The maximum value for acceleration with active jerk limitation is parameterized using a
factor calculated in relation to the axis-specific maximum value. This is used to generate the
maximum value for axis-specific acceleration with active jerk limitation that is taken into
account by the path planning component during preprocessing:
Acceleration[axis] =
MD32300 $MA_MAX_AX_ACCEL * MD32433 $MA_SOFT_ACCEL_FACTOR
428.2 Parameterization
The maximum value for acceleration with active jerk limitation (sort/sorTa) is parameterized
using the axis-specific machine data:
MD32434 $MA_SOFT_ACCEL_FACTOR
(scaling of the acceleration limitation with SOFT)
429 Excessive acceleration for non-tangential block transitions (axis-specific)
4291 General Information
Function
In the case of non-tangential block transitions (corners), the programmable controller may
have to decelerate the geometry axes significantly in order to ensure compliance with the
parameterized axis dynamics. For the purpose of reducing/avoiding deceleration in
connection with non-tangential block transitions, a higher level of axis-specific acceleration
can be enabled.
Excessive acceleration is parameterized using a factor calculated in relation to the axis-
specific maximum value. This is used to generate the maximum value for axis-specific
acceleration with non-tangential block transitions that is taken into account by the path
planning component during preprocessing:
Acceleration[axis] =
MD32300 $MA_MAX_AX_ACCEL * MD32310 SMA_MAX_ACCEL_OVL_FACTOR
4292 Parameterization
Excessive acceleration for non-tangential block transitions is parameterized using the axis-
specific machine data:
MD32310 $MA_MAX_ACCEL_OVL_FACTOR
(overload factor for velocity jumps)
Basic Functions
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4.2 Functions

4210 Acceleration margin for radial acceleration (channel-specific)
42101 General Information
Overview

In addition to the path acceleration (tangential acceleration), radial acceleration also has an
effect on curved contours. If this is not taken into account during parameterization of the path
parameters, the effective axial acceleration during acceleration and deceleration on the
curved contour can, for a short time, reach 2x the maximum value.

Effective axial acceleration =
Path acceleration + radial acceleration =
2* (MD32300 $MA_MAX_AX_ACCEL )

N100

Figure 4-3  Radial and path acceleration on curved contours

The channel-specific machine data:

MD20602 $MC_CURV_EFFECT_ON_PATH_ACCEL

(influence of path curvature on dynamic path response)

can be used to set the proportion of the axis-specific acceleration that is to be taken into
account for radial acceleration.

When, for example, a value of 0.75 is applied, 75% of the axis-specific acceleration will be
made available for radial acceleration and 25% for path acceleration.

The corresponding maximum values are generally calculated as follows:

Radial acceleration =
MD20602 $MC_CURV_EFFECT_ON_PATH_ACCEL * MD32300 $MA_MAX_AX_ACCEL

Path acceleration =

(1-MD20602 $MC_CURV_EFFECT_ON_PATH_ACCEL) * MD32300
SMA_MAX_AX_ACCEL

Basic Functions
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4.2 Functions

Example

The following machine parameters apply:
e MD32300 SMA_MAX_AX_ACCEL for all geometry axes: 3 m/s

e Maximum path velocity with a path radius of 10 mm due to mechanical constraints of the
machine: 5 m/min.

The radial acceleration is calculated as follows:

v2path [m/min] 52

Bradial r [mm] * 3.6 [m/s?] 10*3.6 0.694 m/s

The acceleration margin is set as follows:

MD20602 $MC_CURV_EFFECT_ON_PATH_ACCEL =

a radial [m/s2] _ 0.694 = 023
MD32300 $MA_MAX_AX_ACCEL [m/s?] 3 ’

Linear motions

4.2.10.2

4.2.11

4.2.11.1

Overview

246

The acceleration margin referred to above is ineffective in the case of linear motions (linear
interpolation) without active kinematic transformation.

Parameterization

The proportion of maximum available axis acceleration to be taken into account as an
acceleration margin for radial acceleration on curved contours is parameterized using the
channel-specific machine data:

MD20602 $MC_CURV_EFFECT_ON_PATH_ACCEL
(influence of path curvature on dynamic path response)

Jerk limitation with path interpolation (SOFT) (channel-specific)

General Information

As far as the functionality described in the rest of this document is concerned, constant
acceleration, i.e., acceleration with jerk limitation (jerk = infinite value), is the assumed
acceleration profile. In the case of acceleration with jerk limitation, linear interpolation is
applied in respect of acceleration from 0 to the maximum value.
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4.2 Functions

Advantages

Minimal load on the machine's mechanical components and low risk of high-frequency and
difficult-to-control mechanical vibrations thanks to constant excessive acceleration.

Disadvantages

Longer machining times compared with stepped acceleration profile when the same
maximum velocity and acceleration values are used.

Acceleration profile
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Imax: Maximum jerk value
Amax: Maximum acceleration value
Vmax: Maximum velocity value
t: Time

Figure 4-4  Jerk, acceleration and velocity schematic with jerk limitation acceleration profile

The following features of the acceleration profile can be identified from the figure above:
® |Interval: to - t1

Constant jerk with +rmax; linear increase in acceleration; quadratic increase in velocity
® |Interval: t1 - t2

Constant acceleration with +amax; linear increase in velocity
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4.2 Functions
e Interval: t2 - t3
Constant jerk with -rmax; linear decrease in acceleration; quadratic decrease in excessive
velocity until maximum value +vmax is reached
® |[nterval: t3-ts
Constant jerk with +rmax; linear increase in braking acceleration; quadratic decrease in
velocity
® Interval: t4 - t5
Constant braking acceleration with -amax; linear decrease in velocity
® |[nterval: ts - te
Constant jerk with -rmax; linear decrease in braking acceleration; quadratic decrease in
velocity reduction until zero velocity is reached v=0
4211.2 Parameterization

Maximum jerk value for path motions (axis-specific)

The maximum axial jerk for path motions can be set for the specific technology for each
machine axis via the following machine data:

MD32431 $MA_MAX_AX_JERK[<parameter set index>]
With <parameter set index> =0, 1, 2 ... (max. parameter set number - 1)

For the technology-specific parameter sets, see Section "Dynamic response mode for path
interpolation (Page 209)".

The path parameters are calculated by the path planning of the preprocessing so that the
parameterized maximum values of the machine axes involved in the path are not exceeded.

Note

It is possible for the maximum value to be exceeded in connection with specific machining
situations (see Section "Path jerk for real-time events (channel-specific) (Page 252)").

Maximum jerk value for path motions (channel-specific)

248

In addition to the axis-specific setting, the maximum jerk value can also be specified as
channel-specific path parameter via the following machine data:

MD20600 $MC_MAX_PATH_JERK (path-related maximum jerk)

In order to exclude the mutual influencing of axis and channel-specific maximum jerk values,
the channel-specific maximum value must be set to a value greater than the axial maximum
values.

Basic Functions
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42113 Programming

Syntax

SOFT

Functionality

The sorT part-program instruction is used to select the acceleration profile with jerk
limitation for the traversing operations of geometry axes in the channel.

G group: 21
Effective: Modal

Reset response
The channel-specific initial setting is activated via a reset:
MD20150 $MC_GCODE_RESET_VALUES[20]

Boundary conditions

If the acceleration mode is changed in a part program during machining (sBrisk « sorT), a
block change is performed at the point of transition with an exact stop at the end of the block,
even in continuous-path mode.

4212 Jerk limitation with single-axis interpolation (SOFTA) (axis-specific)

42121 Parameterization

Initial setting for axial jerk limitation
Acceleration with jerk limitation can be set as the axial initial setting:
MD32420 $MA_JOG_AND_POS_JERK_ENABLE== TRUE

Maximum axial jerk for positioning axis motions

When traversing positioning axes with active jerk limitation, the value from one of the
following machine data takes effect as maximum axial jerk:

e MD32430 $MA_JOG_AND_POS_MAX_JERK (maximum axial jerk for positioning axis
motions)

e MD32431 $MA_MAX_AX_JERK [0] (maximum axial jerk for path motions in the dynamic
response mode DYNNORM)

e MD32431 $MA_MAX_AX_JERK [1] (maximum axial jerk for path motions in the dynamic
response mode DYNPOS)
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The machine data to be used is determined by the set positioning axis dynamic response
mode:

MD18960 $MN_POS_DYN_MODE = <mode>

<mode> | Meaning

The following is effective as maximum axial jerk for positioning axis motions:

0 MD32430 $MA_JOG_AND_POS_MAX_JERK
With active G75 (fixed-point approach): MD32431 $MA_MAX_AX_JERK|0]
1 MD32431 $MA_MAX_AX_JERK[1]

Maximum axial jerk for JOG motions

For JOG mode, a JOG-specific maximum jerk value can be configured for each machine
axis (see Section "Acceleration and jerk for JOG motions (Page 269)").

42122 Programming

Syntax

sorTa (Axis {Axis})

Functionality

The sorta part-program command is used to select acceleration with jerk limitation for single-
axis movements (positioning axis, reciprocating axis, etc.)

G group: -
Effectiveness: Modal
AXis:

® Value range: Axis name of the channel axes

Axis-specific initial setting

Acceleration with jerk limitation can be set as the axis-specific initial setting for single-axis
movements:

MD32420 $MA_JOG_AND_POS_JERK_ENABLE = TRUE

Reset behavior
The axis-specific initial setting is activated via a reset:
MD32420 $MA_JOG_AND_POS_ENABLE
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4.2.13.1

Overview

42132

4.2.13.3

4.2 Functions

Path-jerk limitation (channel-specific)

General Information

To enable a flexible response to the machining situations concerned, setting data can be
used to limit the path jerk calculated during preprocessing for specific channels:

SD42510 $SC_SD_MAX_PATH_JERK (maximum path jerk)

The value specified in the setting data is only taken into account in the channel if it is smaller
than the path jerk calculated during preprocessing.

The limitation must be activated for specific channels using setting data:
SD42512 $SC_IS_SD_MAX_PATH_JERK = TRUE

Parameterization

Parameterization is carried out for specific channels using setting data:
SD42510 $SC_SD_MAX_PATH_JERK (maximum path jerk)

SD42512 $SC_IS_SD_MAX_PATH_JERK
(activation of path-jerk limitation)

Programming

Maximum path jerk

Syntax

Functionality

Basic Functions

$SC_SD_MAX_PATH_JERK = jerk value

The path-jerk limitation can be adjusted for the situation by programming the setting data.
Jerk value:

® Valuerange: 20

® Unit: m/s®

Application:

® Part program

e Static synchronized action

Function Manual, 03/2013, 6FC5397-0BP40-3BA1 251



B2: Acceleration

4.2 Functions

Switch ON/OFF

Syntax

Functionality

$SC_IS_SD_MAX_PATH_JERK = value

The path-jerk limitation can be activated/deactivated by programming the setting data.
Parameter: lValue

e Value range: TRUE, FALSE

Application:

e Part program

e Static synchronized action

4.2.14 Path jerk for real-time events (channel-specific)
42141 General Information
Overview

Limitation

252

So that no compromise has to be made between machining-optimized jerk on the one hand
and time-optimized jerk in connection with the following real-time events on the other:

® NC Stop / NC Start
® Changing the feedrate override

® Changing the velocity default for "safely reduced velocity" within the context of the "Safety
Integrated" function

for the real-time events mentioned, the path jerk can be specified using a channel-specific
system variable:

$AC_PATHJERK = path jerk

Path jerk for real-time events will only be active for the duration of the change in velocity in
respect of one of the real-time events specified above.

As the jerk is not a physical variable of any relevance to the drive, no limit is imposed on the
jerk set.

Basic Functions
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Effective

Path jerk for real-time events is only enabled in AUTOMATIC and MDA operating
modes in conjunction with the following real-time events:

e NC Stop / NC Start
e Override changes

¢ Changing the velocity default for "safely reduced velocity" within the context of
the "Safety Integrated" function

Not effective

Path jerk for real-time events is ineffective for changes in the path velocity that are
attributable to path planning during preprocessing for the channel, such as contour
curvatures, corners, kinematic transformation limitations, etc.

Path jerk for real-time events is ineffective if the programmed value is smaller than
the path jerk calculated during preprocessing for the path section concerned.

Programming

For the purpose of setting the jerk for real-time events in accordance with the acceleration,
the system variables can be set as follows:

$AC_PATHJERK = $AC_PATHACC/smoothing time
e $AC_PATHACC: Path acceleration [m/s?]

Smoothing time: Freely selectable, e.g. 0.02 s

For information about programming system variables in the part program or synchronized
actions, see Section "Programming (Page 253)".

4.2.14.2 Programming

Syntax

$AC_PATHJERK = path jerk

Functionality

The path jerk for real-time events is set via the channel-specific system variables.

Jerk value:

® Value range: Path jerk 2 0

® Unit: m/s3

Application:

® Part program

e Static synchronized action

Basic Functions
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Reset behavior

The function is deactivated on reset.

Boundary conditions

Programming $AC_PATHJERK in the part program automatically triggers a preprocessing
stop with REORG (sToprE).

4.2.15 Jerk with programmed rapid traverse (G00) (axis-specific)
42151 General Information
Overview

Frequently, the maximum jerk for the machine axes involved in the machining process must
be set lower than the machine's performance capability officially allows because of the
supplementary conditions associated with the specific process concerned.

For time-optimized traversing of the machine axes with programmed rapid traverse (part-
program instruction G00), a specific maximum value can be programmed for the axis-
specific jerk.

JOG setup mode

This function does not affect jerk in respect of a rapid traverse override in JOG setup mode.

42152 Parameterization

The maximum value for axis-specific jerk with programmed rapid traverse is parameterized
(c00) using the axis-specific machine data:

MD32434 $MA_GO00_ACCEL_FACTOR
(scaling of the acceleration limitation with G0O)

This is used to generate the maximum value for axis-specific jerk with programmed rapid
traverse (coo) that is taken into account by the path planning component during
preprocessing:

Jerk[axis] =

MD32431 $MA_MAX_AX_JERK * MD32435 $MA_G00_JERK_FACTOR

Basic Functions
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4.2.16

4.2.16.1

Overview

4.2.16.2

4.2.17

Function

Basic Functions

4.2 Functions

Excessive jerk for block transitions without constant curvature (axis-specific)

General Information

In the case of block transitions without constant curvature (e.g. straight line > circle), the
programmable controller has to decelerate movement of the geometry axes significantly in
order to ensure compliance with the parameterized axis dynamics. For the purpose of
reducing/avoiding deceleration in connection with block transitions without constant
curvature, a higher level of axis-specific jerk can be enabled.

The excessive jerk is parameterized using a dedicated axis-specific maximum value.

Parameterization

The excessive jerk for block transitions without constant curvature is parameterized using
the axis-specific machine data:

MD32432 $MA_PATH_TRANS_JERK_LIM
(excessive jerk for block transitions without constant curvature)

Velocity-dependent jerk adaptation (axis-specific)

The dynamic path response results from the parameterized, constant axial maximum values
for velocity, acceleration and jerk of the axes involved in the path:

e MD32000 SMA_MAX_AX_VELO (maximum axis velocity)
e MD32300 $SMA_MAX_AX_ACCEL (maximum axis acceleration)
e MD32431 SMA_MAX_AX_JERK (max. axial jerk for path motion)

For contours with non-constant curvature (torsion), as for example in connection with free-
form surfaces, fluctuations in the path velocity, particularly in the upper velocity range, can
result mainly due to the axial jerk. The fluctuations of the path velocity lead to adverse
affects in the surface quality.

The influence of the axial jerk on the path velocity is decreased for contours with non-
constant curvature through a velocity-dependent increase of the permissible axial jerk.
Fluctuations in the path velocity can be avoided with the appropriate parameterization.

The velocity-dependent increase of the permissible axial jerk has no effect on the maximum
possible path acceleration and path jerk. These result from the constant axial maximum
values parameterized in the in the machine data even when jerk adaptation is active.

As both curvature and torsion are zero in the case of linear motion, the velocity-dependent
jerk adaptation has no effect with linear motions.
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Parameterization

256

Availability

The "velocity-dependent jerk adaptation" function is available independent of the function
"Free-form surface mode: Basic functions (Page 211)".

The "Velocity-dependent jerk adaptation" function is parameterized with the following
machine data:

e MD32437 $MA_AX_JERK_VELO[<n>] = <threshold valueiower>

Lower velocity threshold of the jerk adaptation. Velocity-dependent jerk adaptation takes
effective as of this velocity.

The lower velocity threshold can be set separately via index n for each dynamic response
mode (see Section "Dynamic response mode for path interpolation (Page 209)"):

MD32438 $MA_AX_JERK_VEL1[<n>] = <threshold valueupper>

Upper velocity threshold of the jerk adaptation. The velocity-dependent jerk reaches its
maximum value jmax parameterized with MD32439 $MA_MAX_AX_JERK_FACTOR at this
velocity.

The upper velocity threshold can be set separately via index n for each dynamic
response mode (see Section "Dynamic response mode for path interpolation
(Page 209)"):

MD32439 $MA_MAX_AX_JERK_FACTOR = <factor>

Factor for the parameterization of the maximum velocity-dependent jerk jmax On reaching
the upper velocity threshold MD32438 $MA_AX_JERK_VEL1[<n>]:

jmax = (MD32431 $SMA_MAX_AX_JERK) * (MD32439 $MA_MAX_AX_JERK_FACTOR)

The velocity-dependent jerk adaptation is active at a value > 1.0.

The velocity-dependent jerk adaptation is inactive at a value = 1.0.

Basic Functions
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Maximum permissible axial jerk
'y

j1»

joa

-

\
\
\
| >
0 v, q Axis velocity

Vo:

V1l

jo:
jt:

MD32437 $MA_AX_JERK_VELO
MD32438 $MA_AX_JERK_VEL1
MD32431 $MA_MAX_AX_JERK
MD32439 $MA_MAX_AX_JERK_FACTOR * MD32431 SMA_MAX_AX_JERK

Figure 4-5  Axial jerk as a function of the axis velocity

Note

The velocity-dependent jerk adaptation is only active, if:

M

D32439 $MA_MAX_AX_JERK_FACTOR > 1.0

Example

Example of parameter assignment:

MD32437 $MA_AX_JERK_VELO = 3000 mm/min
MD32438 $MA_AX_JERK_VEL1 = 6000 mm/min
MD32439 $MA_MAX_AX_JERK_FACTOR[AX1] = 2.0
MD32439 $MA_MAX_AX_JERK_FACTOR[AX2] = 3.0
MD32439 $MA_MAX_AX_JERK_FACTOR[AX3] = 1.0

Effect

Basic Functions
Function Manual, 03/2013

The velocity-dependent jerk adaptation becomes active for the 1st and 2nd axis, while the
function for the 3rd axis is not active.

The parameterized jerk is effective at axis velocities in the range of 0 to 3000 mm/min.

The maximum jerk is linearly increased for axis velocities in the range 3000 mm/min to
6000 mm/min.

The maximum permitted jerk of the 1st axis is, for axis velocities greater than
6000 mm/min, increased by a factor of 2 - for the 2nd axis, by factor of 3.

The parameterized values apply in each dynamic response mode.
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4.2.18 Jerk filter (axis-specific)
42181 General Information
Overview

In certain application scenarios, e.g. when milling free-form surfaces, it may be beneficial to
smooth the position setpoint characteristics of the machine axes. This enables surface
quality to be improved by reducing the mechanical vibrations generated in the machine.

For the purpose of smoothing the position setpoint characteristic of a machine axis, a jerk
filter can be activated at position controller level, independently of the channel- and axis-
specific jerk limitations taken into account at interpolator level.

The effect of the jerk filter must be as strong as possible without having an unacceptable
impact on contour accuracy. The filter should also have as "balanced" a smoothing effect as
possible, i.e. if the same contour is traversed forwards and backwards, the contour
smoothed by the filter should be as similar as possible in both directions.

To enable the jerk filter to be optimally matched to the machine conditions, various filter
modes are available:

e 2nd-order filter (PT2)
e Sliding mean value generation

® Bandstop filter

Mode: 2nd-order filter

Owing to the fact that it is a simple low-pass filter, "2nd-order filter" mode can only meet the
requirements specified above where relatively small filter time constants (around 10 ms) are
concerned. When used in conjunction with larger time constants, impermissible contour
deviations are soon manifest. The effect of the filter is relatively limited.

This filter mode offers advantages if very large filter time constants are needed and contour
accuracy is only of secondary importance (e.g. positioning axes).

For historical reasons, this filter mode is set as the default.

Mode: Sliding mean value generation

258

Where minimal contour deviations are required, filter time constants within the range of 20-
40 ms can be set using the "sliding mean value generation” filter mode. The smoothing effect
is largely symmetrical.

The display of the calculated servo gain factor (KV factor) in the user interface, shows
smaller values than would normally be expected for the filter. The contour accuracy is in fact
higher than the displayed KV filter appears to suggest.

When changing from "2nd-order filter" to "sliding mean value generation” filter mode, the
displayed KV factor may, therefore, drop (with identical filter time constant), even though
there is an improvement in contour accuracy.

Basic Functions
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Mode: Bandstop filter

The bandstop filter is a 2nd-order filter in terms of numerator and denominator:

SZ + 2*S*DZ
(27 m*f;)? (2*m*fy)
H(s) = 5 o
s 2*s* Dy
(2% *fy)? 2% *fy

where:

fz: Numerator natural freq.
f: Denominator natural freq.
Dz: Numerator damping

Dn: Denominator damping

Since a vibration-capable filter setting is not expected to yield useful results in any case, as
with the jerk filter's "2nd-order filter" (PT2) low-pass filter (PT2) mode there is no setting
option for the denominator damping Dn. The denominator damping Dn is permanently set to
1.

The bandstop filter can be parameterized in two different ways:
® Real bandstop filter

e Bandstop filter with additional amplitude response increase/decrease at high frequencies

Real bandstop filter

The real bandstop filter is applied when identical numerator and denominator natural
frequencies are selected:

fz = fn = foiock (blocking frequency)

If numerator damping setting = 0 is selected, the blocking frequency is equivalent to
complete attenuation. In this case the 3 dB bandwidth is calculated as follows:

f3 dB bandwidth = 2 * fhiock

If instead of complete attenuation, a reduction by a factor of k is all that is required, then
numerator damping should be selected in accordance with k. In this case the above formula
for calculating the 3 dB bandwidth no longer applies.

Bandstop filter with additional amplitude response increase/decrease at high frequencies

In this case, the numerator and denominator natural frequencies are set to different values.
The numerator natural frequency determines the blocking frequency.

By selecting a lower/higher denominator natural frequency than the numerator natural
frequency, you can increase/decrease the amplitude response at high frequencies. An
amplitude response increase at high frequencies can be justified in most cases, as the
controlled system generally possesses a lowpass characteristic itself, i.e. the amplitude
response drops at high frequencies anyway.
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Supplementary conditions

If too high a numerator natural frequency is selected, the filter is disabled. In this case the

limiting frequency fzmax depends on the position-control cycle:

1 1
fzmax = — = — (Shannon Theorem)
2*m TZmin 2*m TPosition-controI cycle

4.2.18.2 Parameterization
Activation

The jerk filter is activated using the machine data:

MD32400 $MA_AX_JERK_ENABLE (axial jerk limitation)

The jerk filter is active in all operating modes and with all types of interpolation.
Filter mode

The filter mode is selected via the machine data:
MD32402 $MA_AX_JERK_MODE

Value Filter mode

1 2nd-order filter

2 Sliding mean value generation
3 Bandstop filter

Time constant

The time constant for the axial jerk filter is set with the machine data:
MD32410 $MA_AX_JERK_TIME

The jerk filter is only effective when the time constant is greater than a position-control cycle.
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4219 Kneeshaped acceleration characteristic curve
42191 Adaptation to the motor characteristic curve
Function

Various types of motor, particularly stepper motors, have a torque characteristic that is highly
dependent upon speed and shows a steep decrease in torque in the upper speed range. To
ensure optimum utilization of the motor characteristic curve, it is necessary to reduce the
acceleration once a certain speed is reached.

M [Nm]

max

red

e

1 10 20 40 60 80 100 n [%]
red max

1: Torque decrease zone

Nred:  Speed above which reduced torque has to be assumed
Nmax:  Maximum speed

Mmax:  Max. torque

Mrea:  Torque at nmax (corresponds to creep acceleration)

Figure 4-6  Torque characteristic curve of a motor with torque characteristic that is highly dependent
upon speed

Simulation of torque characteristic

For the purpose of simulating the torque characteristic of the motor characteristic curve, the
machine data:

MD35242 $MA_ACCEL_REDUCTION_TYPE = characteristic

can be used to select various types of characteristic curve:

0 = Constant characteristic

= Hyperbolic characteristic

2 = Linear characteristic
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The following figures show typical velocity and acceleration characteristic curves for the
respective types of characteristic:

Constant characteristic

EN v
Ymax |/
qmax
Voo AN
I ‘ red
Vred Vmax Y t

Figure 4-7  Acceleration and velocity characteristic with acceleration reduction: 0 = constant

Hyperbolic characteristic

a v
Vmax
amax
Vred™| /T
ared
v t

Vred Vmax

Figure 4-8  Acceleration and velocity characteristic with acceleration reduction: 1 = hyperbolic

Linear characteristic
a v
Vmax |
amax
N
ared red
Vred Vmax Vv t

Figure 4-9  Acceleration and velocity characteristic with acceleration reduction: 2 = linear
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Function

Basic Functions

4.2 Functions
The key data for the characteristic curves equate to:
Vmax = $MA_MAX_AX_VELO
Vred = $MA_ACCEL_REDUCTION_SPEED_POINT * $MA_MAX_AX_VELO
Amax = $MA_MAX_AX_ACCEL
ared =(1- $MA_ACCEL_REDUCTION_FACTOR) * $MA_MAX_AX_ACCEL

Effects on path acceleration

The path acceleration characteristic curve is generated on the basis of the types of
characteristic for the axes that are of relevance for the path. If axes with different types of
characteristic curve are interpolated together, the acceleration profile for the path
acceleration will be determined on the basis of the reduction type that is most restrictive.

The following order of priorities applies, whereby 1 = top priority:
1. Acceleration reduction: 0 = constant characteristic
2. Acceleration reduction: 1 = hyperbolic characteristic
3. Acceleration reduction: 2 = linear characteristic
4. No acceleration reduction effective
A situation, whereby no acceleration reduction is active, arises for example when:
MD35220 $MA_ACCEL_REDUCTION_SPEED_POINT =1
and/or
MD35230 $MA_ACCEL_REDUCTION_FACTOR =0

Note

Machine axes featuring stepper motor and DC drive can be interpolated together.
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4.2.19.3 Substitute characteristic curve

Function

If the programmed path cannot be traversed using the parameterized acceleration
characteristic curve (e.g., active kinematic transformation), a substitute characteristic curve
is generated by reducing the dynamic limit values. The dynamic limit values are calculated to
ensure that the substitute characteristic curve provides the best possible compromise
between maximum velocity and constant acceleration.

Substitute characteristic curve with linear path sections

Limitation to this value is applied if the programmed path velocity is greater than that at
which 15 % of the maximum acceleration capacity is still available (vis%a). Consequently, 15
% of the maximum acceleration capacity/motor torque always remains available, whatever
the machining situation.

a
@max
Aers
a1 5%| S
Locked zone
Ared [T
Vred Vprog V15%a Vmax v
Qers! Substitute characteristic curve constant acceleration
a15%: Minimal constant acceleration
a15% = 0.15 * (@max - Ared) + ared
Vers: Substitute characteristic curve velocity
Vprog: Programmed velocity
V15%a: Velocity at a1s%

Figure 4-10  Substitute path characteristic curve: Linear path
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Substitute characteristic curve with curved path sections

In the case of curved path sections, normal and tangential acceleration are considered
together. The path velocity is reduced so that only up to 25 % of the speed-dependent
acceleration capacity of the axes is required for normal acceleration. The remaining 75 % of
the acceleration capacity is set aside for the tangential acceleration, i.e.,
deceleration/acceleration on the path.

a
qmax
v2
aN =—
r
Aers ; . -
} Axial characteristic 25% a(v)
Qrad [T TS
Vred Vers Vmax v
an: Normal acceleration

Qers: Substitute characteristic curve constant acceleration
Vers: Substitute characteristic curve velocity
r: Path radius

Figure 4-11  Substitute path characteristic curve: Curved path

Block transitions with continuous-path mode

If continuous-path mode is active, non-tangential block transitions result in axial velocity
jumps when the programmed path velocity is used for traversing.

As a result, the path velocity is controlled in such a way that prevents any axial velocity
proportion from exceeding the creep velocity vreq at the time of the block transition.

Deceleration ramp with continuous-path mode and LookAhead

In the case of consecutive part program blocks with short paths, an acceleration or
deceleration operation may be spread over several part program blocks.

In such a situation LookAhead also takes into account the parameterized speed-dependent
acceleration characteristic.
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\"
Vmax |
Vred 1T
N10 N15 N20 N25 N30 N35 t
1: Brake application point
2: Torque decrease zone
3: Maximum torque zone
Vred: Creep velocity
Vmax: Maximum velocity
Nxy: Part program block with block number Nxy
Figure 4-12  Deceleration with LookAhead
42194 Parameterization

The knee-shaped acceleration characteristics can be activated specific to the machine axis
via the machine data:

MD35240 $MA_ACCEL_TYPE_DRIVE = TRUE

The knee-shaped acceleration characteristic curve is parameterized for specific axes using
machine data:

MD32000 $MA_MAX_AX_VELO (maximum axis velocity)

MD35220 $MA_ACCEL_REDUCTION_SPEED_POINT
(speed for reduced acceleration)

MD35230 $MA_ACCEL_REDUCTION_FACTOR (reduced acceleration)
MD32300 $MA_MAX_AX_ACCEL (Maximum axis acceleration)

MD35242 $MA_ACCEL_REDUCTION_TYPE
(type of acceleration reduction: 0 = constant, 1 = hyperbolic, 2 = linear)
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42195 Programming

Channel-specific activation (DRIVE)

Syntax

Functionality

Reset response

Dependencies

DRIVE

The knee-shaped characteristic curve is activated for path acceleration using the prive
part-program instruction.

G group: 21
Effective: Modal

The channel-specific default setting is activated via a reset:
MD20150 $MC_GCODE_RESET_VALUES[20]

If the knee-shaped acceleration characteristic curve is parameterized for a machine axis,
then this becomes the default acceleration profile for all traversing operations.

If the effective acceleration profile is changed for a specific path section using the sort or
BRISK part-program instructions, then an appropriate substitute characteristic curve with
lower dynamic limit values is used in place of the knee-shaped acceleration characteristic
curve.

The knee-shaped acceleration characteristic curve can be reactivated by reprogramming
DRIVE.

Axis-specific activation (DRIVEA)

Syntax

Functionality

Basic Functions

DRIVEA (AX/s {Axis})

The knee-shaped characteristic curve is activated for all single-axis interpolations
(positioning axis, reciprocating axis, etc.) for specific axes using the part-program command.

G group: -
Effectiveness: Modal
Axis:

® \Value range: Axis name of the channel axes
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Reset behavior
The channel-specific default setting is activated via a reset:
MD20150 $MC_GCODE_RESET_VALUES[20]

Dependencies

If the knee-shaped acceleration characteristic curve is parameterized for a machine axis,
then this becomes the default acceleration profile for all traversing operations.

If the effective acceleration profile is changed for a specific axis using the sorta or Briska
part-program commands, then an appropriate substitute characteristic curve is used in place
of the knee-shaped acceleration characteristic curve.

It is possible to switch back to the knee-shaped acceleration characteristic curve for a
specific axis by programming prIVea.

4.2.19.6 Boundary conditions

Single axis interpolation

After activating the knee-shaped acceleration characteristics in case of single-axis
interpolations (positioning axis, oscillating axis, manual motion, etc.), the machine axis is
traversed exclusively in the mode privea .

It is not possible to switch over the acceleration profile via the following part program
instructions:

® Abrupt acceleration changes (Briska)

® Acceleration with jerk limitation (sorta)

Path interpolation

If for a machine axis involved in a programmed path the knee-shaped acceleration
characteristic parameterized without the part program instruction or1ve is active, then a
substitute characteristic curve with reduced dynamic limiting values is determined for the
path.

Kinematic transformation

The knee-shaped acceleration characteristic is not considered in an active kinematic
transformation. With internal control, a switchover is done to acceleration without jerk
limitation (BRISK) and a substitute characteristic curve becomes active for the path
acceleration.
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4.2.20.1
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Acceleration and jerk for JOG motions

In order to avoid unwanted machine motions in JOG mode, separate axial acceleration and
jerk limit values can be specified for JOG motion.

It is also possible to limit acceleration and jerk channel-specifically for manual traversing of
geometry and orientation axes. This enables better handling of the kinematics that generate
Cartesian motions entirely via rotary axes (robots).

Parameterization

Axial limitation of acceleration and jerk

Maximum axial acceleration for JOG motions

The maximum axial acceleration for JOG motion can be specified for each machine axis via
the machine data:

MD32301 $MA_JOG_MAX_ACCEL

With MD32301 = 0, the value from MD32300 $MA_MAX_AX_ACCEL is effective instead of
the JOG-specific maximum value.

Maximum axial jerk for JOG motions

The maximum axial jerk for JOG motion can be specified for each machine axis via the
machine data:

MD32436 $MA_JOG_MAX_JERK

With MD32436 = 0, the value from MD32430 $MA_JOG_AND_POS_MAX_JERK is effective
instead of the JOG-specific maximum value.

Note

MD32436 $MA_JOG_MAX_JERK is only effective when the axial jerk limitation in JOG mode
has been enabled for the machine axes to be traversed:

MD32420 $MA_JOG_AND_POS_JERK_ENABLE [<axis>] == TRUE

This is also possible by programming sorFTa (<axisl>, <Axis2>, ... ) inthe part program.

Channel-specific limitation of acceleration and jerk

Basic Functions

Maximum acceleration when manually traversing geometry axes

The maximum acceleration when manually traversing geometry axes can be specified for
each channel via the machine data:

MD21166 $MC_JOG_ACCEL_GEO [<geometry axis>]
With <geometry axis> =0, 1, 2
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4.2 Functions

With MD21166 = 0, the axis-specific limit value from MD32301 $MA_JOG_MAX_ACCEL is
effective instead of the channel-specific acceleration limitation.

Note

With MD21166 $MC_JOG_ACCEL_GEO [<geometry axis>], there is no direct limitation to
MD32300 $MA_MAX_AX_ACCEL.

Note

When a transformation is active, MD32300 $MA_MAX_AX_ACCEL determines the maximum
possible axial acceleration.

Maximum jerk when manually traversing geometry axes

The maximum jerk when manually traversing geometry axes in the SOFT acceleration mode
(acceleration with jerk limitation) can be specified for each channel via the machine data:

MD21168 $MC_JOG_JERK_GEO [<geometry axis>]
With <geometry axis> =0, 1, 2

With MD21168 = 0, the axis-specific limit value from MD32436 $MA_JOG_MAX_JERK is
effective instead of the channel-specific jerk limitation.

Note

MD21168 $MC_JOG_JERK_GEO is only effective when the axial jerk limitation in JOG
mode has been enabled for the basic machine axes:

MD32420 $MA_JOG_AND_POS_JERK_ENABLE [<axis>] == TRUE

Maximum jerk when manually traversing orientation axes

The maximum jerk when manually traversing orientation axes can be specified for each
channel via the machine data:

MD21158 $MC_JOG_JERK_ORI [<orientation axis>]

For MD21158 to take effect, the channel-specific jerk limitation for the manual traversing of
orientation axes must be enabled via the following machine data:

MD21159 $MC_JOG_JERK_ORI_ENABLE == TRUE

Note

Orientation axes are not affected by the machine data MD32301 $MA_JOG_MAX_ACCEL
and MD32436 $MA_JOG_MAX_JERK.
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4.2 Functions

4.2.20.2 Supplementary conditions

Path override / overlaid motion

With path override / overlaid motion (e.g. DRF), the JOG-specific maximum values for
acceleration and jerk (MD32301 $MA_JOG_MAX_ACCEL and MD32436
$SMA_JOG_MAX_JERK) are not effective. Instead, the values for positioning axis motions are
effective:

® Acceleration:

- MD32300 $MA_MAX_AX_ACCEL [0] (maximum axial acceleration for path motions in
the dynamic response mode DYNNORM)

See also Section "Acceleration without jerk limitation (BRISK/BRISKA) (channel/axis-
specific) (Page 233)".
e Jerk

— MD32430 $MA_JOG_AND_POS_MAX_JERK (maximum axial jerk for positioning axis
motions)

or (with G75/751):

- MD32431 $MA_MAX_AX_JERK [0] (maximum axial jerk for path motions in the
dynamic response mode DYNNORM)

See also Section "Jerk limitation with single-axis interpolation (SOFTA) (axis-specific)
(Page 249)".

Note
Only the dynamic response mode DYNNORM is always effective for JOG mode.

Behavior for manual traversing of geometry axes with active rotation

When manually traversing geometry axes in the SOFT acceleration mode (acceleration with
jerk limitation), the value from MD32436 $MA_JOG_MAX_JERK or MD32430
$SMA_JOG_AND_POS_MAX_JERK is also used with active rotation or active orientable
toolholder.

Part program instruction SOFTA/BRISKA/DRIVEA

The part program instruction sorta (<axisis,<axis2>, ... ) is also effective in JOG mode,
i.e. the maximum axial jerk from MD32436 $MA_JOG_MAX_JERK is effective for the
specified axes when traversing in JOG mode (exactly as when setting MD32420
$SMA_JOG_AND_POS_JERK_ENABLE [<axis>] == TRUE).

Note

On the other hand the sorT part program instruction has no effect on the JOG mode.
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4.3 Examples
As with sorTa, the part program instructions sriska and privea are also effective in JOG
mode, i.e. the acceleration is without jerk limitation, even when MD32420
SMA_JOG_AND_POS_JERK_ENABLE is set to "TRUE" for the relevant machine axes.
Note
The manual traversing of orientation axes is not affected by Briska/sorTa/DRIVEA.

4.3 Examples

431 Acceleration

4311 Path velocity characteristic

Key statement

An excerpt from a part program is provided below, together with the associated acceleration
characteristic, by way of an example. These are used to illustrate how the path velocity can
be adapted to take account of various events and the resulting change in acceleration.

Part program (excerpt, schematic)

Program code

; Acceleration selection in accordance with fast input 1 ($SA_IN[1]):

N53 ID=1 WHEN $A IN[1] == 1 DO $AC_PATHACC = 2.*$SMA MAX AX ACCEL [X]

; Test override profile (simulates external intervention):
N54 ID=2 WHENEVER ($AC7TIMEC > 16) DO $AC70VR=10
N55 ID=3 WHENEVER ($AC_TIMEC > 30) DO $AC_OVR:100

;Approach
N1000 GO X0 YO BRISK
N1100 TRANS Y=-50

N1200 AROT Z=30 G642

; Contour
N2100 X0 YO

N2200 X 70 G1 F10000 RNDM=10 ACC[X]=30 ACC[Y]=30

N2300 Y = 70
N2400 XO
N2500 YO

M30

Basic Functions
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$AC_OVR=100%

$AC_OVR=10%

I £0 70 20 50 ih 1o T 4300 10 150 tho
: : : t [12ms]
N2200 ‘ 9/ N2300

Acceleration profile: BRISK

1: Accelerate to 100% of path velocity (F10000) in accordance with acceleration default: ACC (N2200...)

2: Brake to 10% of path velocity as a result of override modification ($AC_OVR) in accordance with real-time
acceleration $AC_PATHACC (N53/N54...)

3: Accelerate to 100% of path velocity as a result of override modification (JAC_OVR) in accordance with real-time
acceleration $AC_PATHACC (N53/N55...)

4: Brake to block end velocity for intermediate smoothing block in accordance with acceleration default: ACC
(N2200...)

5: Speed limitation as a result of smoothing (see 9)

6: Accelerate to 100% of path velocity (PAC_OVR) in accordance with acceleration default: ACC (N2300...)

7: Decelerate as a result of override modification at a rate of acceleration that is in accordance with real-time
acceleration SAC_PATHACC (N53/N54...)

8: Accelerate to 100% of path velocity as a result of override modification ($AC_OVR) in accordance with real-time
acceleration $AC_PATHACC (N53/N55...)

9: Intermediate block inserted within the control as a result of the programmed smoothing (RNDM) (N2200...)

Figure 4-13  Switching between path acceleration specified during preprocessing and real-time acceleration

Basic Functions
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4.3 Examples
4.3.2 Jerk
4321 Path velocity characteristic

Key statement

An excerpt from a part program is provided below, together with the associated acceleration
characteristic, by way of an example. These are used to illustrate how the path velocity can
be adapted to take account of various events and the resulting change in jerk.

Part program (excerpt, schematic)

Program code

; Setting of path acceleration and path jerk in the event of external intervention:

N0100 $AC_PATHACC = 0.
N0200 $AC_PATHJERK = 4. * (SMA MAX AX JERK([X] + $MA MAX AX JERK[Y]) / 2.

; Synchronized actions for the purpose of varying the override (simulates external

intervention) :
N53 ID=1 WHENEVER ($AC7TIMEC > 16) DO $AC70VR=10
N54 ID=2 WHENEVER ($AC_TIMEC > 30) DO $AC_OVR:100

;Approach

N1000 GO X0 YO SOFT
N1100 TRANS Y=-50
N1200 AROT Z=30 G642

; Contour

N2100 X0 YO

N2200 X = 70 G1 F10000 RNDM=10
N2300 Y = 70

N2400 XO

N2500 YO

M30
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4.3 Examples

OVR=10%

5
......... \ iZ_I/._ _
. OVR=10%

80 50 w0 T 110 T 120

130 w40 15l wd 1w

-—

RNDM =10

‘ t [12 ms]
N2300 ———» b

ﬁ-———{

RNDM ..

Acceleration profile: SOFT

SUEE I

Jerk according to SMA_MAX_AX_JERK]..]
Jerk according to $AC_PATHJERK
Jerk according to SMA_MAX_AX_JERK]..] (approach block end velocity)
Velocity limit due to arc

Jerk according to $AC_PATHJERK

Figure 4-14  Switching between path jerk specified during preprocessing and $AC_PATHJERK

43.3 Acceleration and jerk

Key statement

In the following example a short part program is used to illustrate the velocity and
acceleration characteristic for the X-axis. It also shows the connection between specific
velocity and acceleration-related machine data and the contour sections they influence.

Part program

Program code

Comment

N100
N110
N120
N130
N140

N200

Basic Functions

N90 F5000 SOFT G64

GO X0 YO Zo0

Gl X10

G3 CR=5 X15 Y5
G3 CR=10 X5 Y15
Gl X-5 Y17.679
M30
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; Continuous-path mode, jerk-limited acceleration

; Rapid traverse

; Straight
; Circular
; Circular

; Straight

line
arc, radius 5 mm, block transition: Tangential
arc, radius 10 mm, block transition: Tangential

line, 15° bend
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4.3 Examples

Figure 4-15 Part program contour

MD32300 MAX_AX_ACCEL[X] * MD32433 SOFT_ACCEL_FACTOR[X]

MD32310 MAX_ACCEL_OVL_FACTOR[X]

MD32431 MAX_AX_JERKIX]

I\

L ;|\

/ _ —
N
N~
N110 N120 N130 N140
Axis acceleration
Axis velocity MD32432 PATH_TRANS_JERK_LIM[X]

Figure 4-16 X axis: Velocity and acceleration characteristic
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4.3 Examples

434 Knee-shaped acceleration characteristic curve

43.4.1 Activation

Key statement

The example given illustrates how the knee-shaped acceleration characteristic curve is
activated on the basis of:

® Machine data

® Part program instruction

Machine data

® Parameterizing the characteristic curve (example only)

Program code

X axis

MD35220 $MA ACCEL REDUCTION SPEED POINT[X] = 0.4
MD35230 $MA_ACCEL_REDUCTION_FACTOR[X] = 0.85
MD35242 $MA ACCEL_REDUCTION_ TYPE[X] = 2

MD35240 $SMA ACCEL_TYPE DRIVE[X] = TRUE

Y axis

MD35220 $MA ACCEL REDUCTION SPEED POINT[Y] = 0.0
MD35230 $MA_ACCEL_REDUCTION_FACTOR[Y] = 0.6
MD35242 $MA ACCEL_REDUCTION TYPE[Y] = 1

MD35240 $SMA ACCEL_TYPE DRIVE[Y] = TRUE

Z axis

MD35220 $MA ACCEL REDUCTION SPEED POINT[Z] = 0.6
MD35230 $MA_ACCEL_REDUCTION_FACTOR[Z] = 0.4
MD35242 $MA ACCEL_REDUCTION_TYPE[Z] = 0

MD35240 SMA ACCEL_TYPE DRIVE[Z] = FALSE

e Activation by setting as the channel-specific default setting
MC_GCODE_RESET_VALUE[20] = 3 (DRIVE)

Basic Functions
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4.4 Data lists

Part program (excerpt)

4.4

Program code

Comment

N10 G1 X100 Y50 Z50 F700
N15 Z20

N20 BRISK

N25 G1 X120 Y70

N30 Z100

N35 POS[X] = 200 FA[X] = 500
N40 BRISKA(Z)

N40 POS[z] = 50 FA[Z] = 200
N45 DRIVEA(Z)

N50 POS[z] = 100

N55 BRISKA (X)

Data lists

; Path motion (X,Y, Z) with DRIVE
; Path motion (Z) with DRIVE
; Switchover to BRISK

; Path motion (Y, Z) with substitute
characteristic curve

; Path motion (Z) with BRISK

; Positioning motion (X) with DRIVEA
; Activate BRISKA for Z

; Positioning motion (Z) with BRISKA
; Activate DRIVEA for Z

; Positioning motion (Z) with DRIVE

; results in error message

441 Machine data
4411 NC-specific machine data
Number Identifier: SMN_ Description
18960 POS_DYN_MODE Type of positioning axis dynamic response
441.2 Channel-specific machine data
Number Identifier: $MC_ Description
20150 GCODE_RESET_VALUES Initial setting of the G groups
20500 CONST_VELO_MIN_TIME Minimum time with constant velocity
20600 MAX_PATH_JERK Path-related maximum jerk
20602 CURV_EFFECT_ON_PATH_ACCEL Influence of path curvature on path dynamic response
20610 ADD_MOVE_ACCEL_RESERVE Acceleration reserve for overlaid motions
21158 JOG_JERK_ORI Maximum jerk of the orientation axes when traversing in
JOG
Basic Functions
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4.4 Data lists

Number Identifier: $MC_ Description
21159 JOG_JERK_ORI_ENABLE Initial setting of the channel-specific jerk limitation of
orientation axes for traversing in JOG mode
21166 JOG_ACCEL_GEO Maximum acceleration rate of the geometry axes when
traversing in JOG
21168 JOG_JERK_GEO Maximum jerk of the geometry axes when traversing in
JOG
4413 Axis/spindlespecific machine data
Number Identifier: SMA_ Description
32000 MAX_AX_VELO Maximum axis velocity
32300 MAX_AX_ACCEL Maximum axis acceleration
32301 JOG_MAX_ACCEL Maximum acceleration in JOG mode
32310 MAX_ACCEL_OVL_FACTOR Overload factor for velocity jump
32320 DYN_LIMIT_RESET_MASK Reset behavior of dynamic limits
32400 AX_JERK_ENABLE Axial jerk limitation
32402 AX_JERK_MODE Filter type for axial jerk limitation
32410 AX_JERK_TIME Time constant for axial jerk filter
32420 JOG_AND_POS_JERK_ENABLE Initial setting for axial jerk limitation
32430 JOG_AND_POS_MAX_JERK Axial jerk for single axis motion
32431 MAX_AX_JERK Maximum axial jerk at the block transition in
continuous-path mode
32432 PATH_TRANS_JERK_LIM Max. axial jerk of a geometry axis at block boundary
32433 SOFT_ACCEL_FACTOR Scaling of acceleration limitation for sorT
32434 GO00_ACCEL_FACTOR Scaling of acceleration limitation for coo
32435 GO00_JERK_FACTOR Scaling of axial jerk limitation for coo
32436 JOG_MAX_JERK Maximum axial jerk for JOG motion
32437 AX_JERK_VELO First velocity threshold for velocity-dependent jerk
adaptation
32438 AX_JERK_VEL1 Second velocity threshold for the velocity-dependent
jerk adaptation
32439 MAX_AX_JERK_FACTOR Factor to set the maximum jerk for higher velocities
(velocity-dependent jerk adaptation)
35220 ACCEL_REDUCTION_SPEED_POINT Speed for reduced acceleration
35230 ACCEL_REDUCTION_FACTOR Reduced acceleration
35240 ACCEL_TYPE_DRIVE DRIVE acceleration characteristic for axes on/off
35242 ACCEL_REDUCTION_TYPE Type of acceleration reduction
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4.4 Data lists
442 Setting data
4421 Channelspecific setting data

Number Identifier; $SC_

Description

42500 SD_MAX_PATH_ACCEL

Max. path acceleration

42502 IS_SD_MAX_PATH_ACCEL Analysis of SD 42500: ON/OFF
42510 SD_MAX_PATH_JERK Max. path-related jerk

42512 IS_SD_MAX_PATH_JERK Analysis of SD 42510: ON/OFF
443 System variables

Identifier Description

$AC_PATHACC Path acceleration for real-time events
$AC_PATHJERK Path jerk for real-time events

280
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F1: Travel to fixed stop 5

5.1 Brief description

Function

Characteristics

With the "Travel to fixed stop" function, moving machine parts, e.g. tailstock or sleeve, can
be traversed with a defined torque against other machine parts.

The clamping torque and a fixed stop monitoring window can be programmed in the part
program and can also be altered via setting data once the fixed stop has been reached.

Travel to fixed stop is possible for axes and spindles.

Travel to fixed stop is possible simultaneously for several axes and parallel to the
traversing of other axes.

The reduction of the clamping torque or clamping force can be switched on and off in
synchronized actions.

The "Travel to fixed stop" functions can also be activated via synchronized actions.

A multi-channel block search can be performed with calculation of all the required
additional data (SERUPRO).

The axes can be simulated with FXS and FOC.

"Vertical" axes can also be moved with FXS to a fixed stop.

5.2 Detailed description

5.21 Programming

Function

Basic Functions

Travel to fixed stop

The "Travel to fixed stop" function is controlled via the rxs, rxsT and rxsw commands.
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5.2 Detailed description

Syntax

Meaning

282

The activation can also be performed without traversing motion of the relevant axis. The
torque is immediately limited. The fixed stop is monitored as soon as the axis is traversed.

Note

Synchronized actions

The "Travel to fixed stop" function can also be controlled via synchronized actions.

References:

Function Manual, Synchronized Actions

Travel with limited torque/force

Travel with limited torque/force can be controlled via the rocon, rocor and Foc commands
(see Section "Travel with limited torque/force FOC (Page 299)").

FXS [<axis>] =<request>
FXST [<axis>] =<clamping torques>

FXSW([<axis>] =
FOCON [<axis>]
FOCOF [<axis>]
FOC [<axis>]

<window width>

Parameters Meaning

FXS: Travel to fixed stop
Effectiveness: Modal

<Request>: Request to the "Travel to fixed stop" function:
0 = switch off
1 = switch on

FXST: Set clamping torque

<Clamping torques:

Clamping torque in % of the maximum drive torque.
SINAMICS S120: p2003

FXSW:

Set monitoring window

<Window widths>:

Width of the tolerance window around the fixed stop
Unit: mm, inch or degrees

FOCON: Torque/force limitation: Switch on
FOCOF: Torque/force limitation: Switch off
FOC: Non-modal torque/force limitation

<axiss>:

Name of the channel axis
Type: AXIS

Basic Functions
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5.2 Detalled description

Axis name

Instead of a machine axis name, the names of geometry or special axes can be used if they
are assigned precisely to a machine axis and one of the following functions is not active for
the machine axis:

® Transformation
e Coupling

® Frame

Change clamping torque

The clamping torque can be changed with the rxsT command. The change takes effect
before the traversing motions of the block. The torque limitation acts in addition to the
acceleration limitation (acc).

Ramp-shaped change

A time within which the clamping torque should be changed can be set via the following
machine data. The change of the clamping torque is then no longer sudden, but ramp-
shaped.

MD37012 $MA_FIXED_STOP_TORQUE_RAMP_TIME (time until the new torque limit is
reached)

Change monitoring window

The monitoring window can be changed with the rxsw command. The changes take effect
before the traversing motions of the block.

If a new monitoring window is programmed, not only the window width changes. If the axis
has moved before the change, the reference point for the window center point also changes
to the current actual position of the axis.

Function application for active continuous-path mode G64

The following machine data can be used to set that with the selection of the (rxs) function
during active continuous-path mode (ces4), no exact stop is triggered at the block change
(c60):

MD37060 $MA_FIXED_STOP_ACKN_MASK (monitoring PLC acknowledgements for travel
to fixed stop)

Bit | Value Meaning_;

0 0 Start of the traversing motion without acknowledgement by the PLC
1 Start of the traversing motion after acknowledgement by the PLC
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5.2 Detailed description

Boundary conditions

Example

284

® The traversing motion to the fixed stop can be programmed as a path- or block-related or
modal positioning axis motion.

e Travel to fixed stop can be be selected for several machine axes simultaneously.

® The travel path and the activation of the function must be programmed in one block in the
part program.

e |f "Travel to fixed stop" is activated via synchronized actions, the travel path and the
activation of the function can be programmed in separate blocks.

Requirement: Mapping of channel axis X on machine axis X1

Programming with a channel axis name

Program code Comment

FXS[X] =1 ; Selecting X ->X1
FXST[X] = 12.3 ; New torque X ->X1
FXSWI[X] = 2000 H New window for X -> X1

Programming with a machine axis name

Program code Comment

FXS[X1] =1 ; Selecting X1
FXST[X1] = 12.3 H New torque for X1
FXSW[X1] = 2000 ; New window for X1
References:

Programming Manual, Fundamentals
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5.2 Detalled description

5.2.2 Functional sequence

5221 Selection

+Actual position after "travel to
. fixed stop"

- «—

1 I
1 I
I
A e MR A
|
|

L

I
I
I
I
B
I
I
I
j hixed stop Start position
I

Progr. end monitoring window
position

Figure 5-1 Example of travel to fixed stop

Procedure

The NC detects that the function "Travel to fixed stop" is selected via the command rxs(x]1=1
and signals the PLC using the IS DB31, ... DBX62.4 ("Activate travel to fixed stop") that the
function has been selected.

If the machine data:

MD37060 $MA_FIXED_STOP_ACKN_MASK (monitoring PLC acknowledgements for travel
to fixed stop)

is set correspondingly, the system waits for the acknowledgement of the PLC using the IS
DB31, ... DBX3.1 ("Enable travel to fixed stop").

The programmed target position is then approached from the start position at the
programmed velocity. The fixed stop must be located between the start and target positions
of the axis/spindle. A programmed torque limit (clamping torque specified via FxsT [<axis>])
is effective from the start of the block, i.e. the fixed stop is also approached with reduced
torque. Allowance for this limitation is made in the NC through an automatic reduction in the
acceleration rate.

If no torque has been programmed in the block or since the start of the program, then the
value is valid in the axis-specific machine data:

MD37010 $MA_FIXED_STOP_TORQUE_DEF (default for fixed stop clamping torque)

is entered.

Basic Functions
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5.2 Detailed description

5222 Fixed stop is reached

Procedure

When the axis has reached the fixed stop, the torque in the drive is increased up to the
programmed clamping torque. How the control detects that the fixed stop has been reached,
can be set via the following machine data:

MD37040 $MA_FIXED_STOP_BY_SENSOR = <value> (fixed stop detection via sensor)

<value> | Meaning

0 The fixed stop has been reached when the axial contour deviation (difference between
actual and expected following error) has exceeded the set value in the machine data:

MD37030 $MA_FIXED_STOP_THRESHOLD (threshold for fixed stop detection)

1 An external sensor detects when the fixed stop has been reached and informs the control
via the following axial NC/PLC interface signal:

DB31, ... DBX1.2 == 1 (sensor for fixed stop)

2 The fixed stop has been reached when the condition according to value == 0 or value ==
applies.

Ineffective NC/PLC interface signals

When the axis is in the "Fixed stop reached" state, the following NC/PLC interface signals
have no effect:

e DB31, ... DBX1.3 (axis/spindle disable)
e DB31, ... DBX2.1 (controller enable)

Internal processes

Once the NC has detected the "Fixed stop reached" state, it deletes the distance-to-go and
the position setpoint is corrected. The controller enable remains active.

The PLC is then informed of the state using IS DB31, ... DBX62.5 ("Fixed stop reached").
If the machine data:
MD37060 $MA_FIXED_STOP_ACKN_MASK

is set correspondingly, then the system waits for the acknowledgement of the PLC using the
IS DB31, ... DBX1.1 ("Acknowledge fixed stop reached").

The NC then executes a block change or considers the positioning motion to be completed,
but still leaves a setpoint applied to allow the clamping torque to take effect.

The fixed stop monitoring function is activated as soon as the stop position is reached.
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5.2 Detalled description

Monitoring window

If no fixed stop monitoring window was programmed in the block or from program start, then
the value set in the machine data:

MD37020 $MA_FIXED_STOP_WINDOW_DEF
(default for fixed stop-monitoring window)

is entered.

If the axis leaves the position it was in when the fixed stop was detected, then alarm 20093
"Fixed stop monitoring has responded" is displayed and the "Travel to fixed stop" function
deselected.

The window must be selected by the user such that the alarm is activated only when the axis
leaves the fixed stop position.

VA_FXS=4

VA_FXS=0/2 ~——— VA FXS=3 —, ~— VA FXS=1
History s

J MD37030 $MA_FIXED_STOP_THRESHOLD

f Following error

0

' Endstop correctly approached

—I 3 Block with FXS[x]=1
_ .

IS "Activate FXS"

| : IS "FXS reached"

I_l |_| Block change .~

Figure 5-2  Fixed stop is reached
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5.2 Detailed description

5.2.2.3

Procedure

Fixed stop is not reached

If the programmed end position is reached, without detecting the state "fixed stop reached",
then depending on the state of the machine data:

MD37050 $MA_FIXED_STOP_ALARM_MASK = 0 (release of fixed stop alarms)

the alarm 20091 "Fixed stop not reached" is output.

Abort without alarm

Function abort

The travel to fixed stop can be aborted by the PLC in the approach block without triggering
an alarm (for example, when the operator actuates a key), if in the machine data:

MD37050 $MA_FIXED_STOP_ALARM_MASK = 2
the alarm 20094 is suppressed.

The Travel to fixed stop function is deselected in response to both "Fixed stop not reached"
and "Fixed stop aborted".

If the "Travel to fixed stop" function is aborted owing to a pulse disable, cancelation of PLC
acknowledgements or a Reset in the approach block, the display or suppression of alarm
20094 can be controlled via machine data:

MD37050 $MA_FIXED_STOP_ALARM_MASK =3

All other values < 7 do not suppress any alarms.

Using the part program command ~ewconr a new setting can be activated.

Sequence in case of a fault or abnormal termination

288

Reset of the axial NC/PLC interface signal:

DB31, ... DBX62.4 = 0 (activate travel to fixed stop)
Depending on the setting in machine data:
MD37060 $MA_FIXED_STOP_ACKN_MASK

wait for the acknowledgement:

DB31, ... DBX3.1 == 0 (enable travel to fixed stop).

The torque limitation is then canceled and a block change executed.

Basic Functions
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5224

Procedure

Basic Functions

5.2 Detalled description

Endstop is not reached

VA_FXS=0/2 —>E<— VA_FXS=3 ——

«— VA_FXS=2 ——»

- N
_i l Block with FXS[x]=1

IS "Activate FXS"

I_l I_l Block change

Following error

Figure 5-3  Fixed stop is not reached

Deselection

With the deselection of the function rxs [<axis>]=0, @ preprocessing stop (sTorrE) is
triggered.

The torque limitation and monitoring of the fixed stop monitoring window are canceled.
The NC/PLC interface signals are reset:

DB31, ... DBX62.4 = 0 (activate travel to fixed stop)

DB31, ... DBX62.5 = 0 (fixed stop reached)

Depending on the machine data:

MD37060 $MA_FIXED_STOP_ACKN_MASK

wait for the acknowledgement:

DB31, ... DBX3.1 == 0 (enable travel to fixed stop)

DB31, ... DBX1.1 == 0 (acknowledge fixed stop reached)

The axis will then change to position control. The correction of the position setpoint is
terminated and a synchronization to the new actual position is carried out. The axis can be
traversed again.
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5.2 Detailed description

Response when pulse enable is canceled

The pulse enable or pulse inhibit can be canceled via:

® Drive: Via terminal EP (enable pulses)

® NC/PLC interface signal: DB31, ... DBX21.7 ("pulse enable")
The behavior at the fixed stop can be set via the following machine data:
MD37002 $MA_FIXED_STOP_CONTROL (sequence control for travel to fixed stop)

Bit Value ‘ Meaning

0 | Behavior for pulse disable at the stop

0 Travel to fixed stop is aborted

1 Travel to fixed stop is interrupted, i.e. the drive is without power. Once the pulse
disable is canceled again, the drive presses with the stop torque again. For control
of the torque injection, see bit 1.

1 Behavior for pulse enable at the stop

0 The torque is injected suddenly.

1 The torque is ramped up.

See also: MD37012 $MA_FIXED_STOP_TORQUE_RAMP_TIME

If the pulse enable is removed during an active deselection of the function (state: "Waiting for
PLC acknowledgements"), the torque limit is reduced to zero. During this phase, torque is no
longer built up if the pulse enable is set again. Once the deselection has been completed,

you can continue traversing as normally.

VA_FXS=5 Switch-on position controller

~

—— — |
VAFXS=1 ! VA FXS=0 :
Axis is at endstop. | FXS exited :

Following error

I Block with FXS[x]=0
' IS "Activate FXS"

IS "FXS reached"

|_| Block change

Figure 5-4  Fixed stop deselection
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5.2 Detalled description

5.2.3 Behavior during block search

Block search with calculation

e |[f the target block is located in a program section in which the axis must stop at a fixed
limit, then the fixed stop is approached if it has not yet been reached.

e |[f the target block is located in the program section in which the axis must not stop at a
fixed limit, then the axis leaves the fixed stop if it is still positioned there.

e |[f the axis is in the "Fixed stop reached" state, message 10208 "Press NC start to
continue the program" is displayed. The program can be continued with NC start.

e Clamping torque rxsT and monitoring window rxsw have the value that they have for
normal program processing at the start of the target block.

Block search without calculation

The commands rxs, rFxst and rxsw are ignored during the block search.

Effectiveness of FOCON/FOCOF

The state of the modal-acting torque/force reduction rocon/Focor is maintained during the
search and is effective in the approach block.

Block search with FXS or FOC

The user selects rxs or roc in a program area of the target block in order to acquire all states
and functions of the machining last valid. The NC starts the selected program in Program
test mode automatically. After the target block has been found, the NC stops at the
beginning of the target block, deselects Program test internally again and displays the Stop
condition "Search target found" in its block display.

/I\ CAUTION

SERUPRO approach does not really take the FXS command into account.

The approach to the programmed end position of the rxs block is only simulated without
torque limitation.

If rxs is located between the beginning of the program and the search target, the command
is not executed by the NC. The motion is only simulated up to the programmed end point.

The user can log the turning on and turning off of rxs in the part program. If necessary, the
user can start an ASUB in order to activate or deactivate rxs in this SERUPRO-ASUP.

Basic Functions
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5.2 Detailed description

System variable

The state of the function can be read via the following system variable:
e S$AA_FXS (desired state)
e $VA_FXS (actual state)

Value | Description

0 Axis not at fixed stop

Fixed stop successfully approached

Approach to fixed stop failed

Travel to fixed stop selection active

Fixed stop detected

A WIN|=

Travel to fixed stop deselection active

SERUPRO: $AA_FXS

During SERUPRO, $AA_FXS supplies the following values depending on the activation
status of the "Travel to fixed stop" function:

FXS[<axis>]=<status>

<status> $AA_FXS
0 (switch off) 0 (axis not at fixed stop)
1 (switch on) 3 (travel to fixed stop selection active)

Outside of SERUPRO, both system variables always supply the same value.

Note

During SERUPRO, the system variable $AA_FXS only supplies the values 0 and 3. As a
result, based on $AA_FXS, the program sequence can be changed with SERUPRO
compared to the normal program execution for program branches.

SERUPRO: $VA_FXS

During SERUPRO, the variable $VA_FXS always supplies the real state of axis on the
machine.

SERUPRO ASUB Desired/actual state comparison

292

The current state of the "Travel to fixed stop" function can be determined in the SERUPRO
ASUB via the system variables $AA_FXS and $VA_FXS, and the appropriate response
initiated:

FXS_SERUPRO_ASUP.MPF

Basic Functions
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5.2 Detalled description

Program code

N100 WHEN (SAA FXS[X]==3) AND ($VA FXS[X]==0) DO FXS[X]=1
N200 WHEN (SAA FXS[X]==0) AND (SVA FXS[X]==1) DO FXS[X]=0
N1020 REPOSA

Displaying the REPOS offset

REPOS and FXS

Basic Functions

Once the search target has been found, the rxs state active on the machine is displayed for
each axis via the following axial NC/PLC interface signals:

e DB31, ... DBX62.4 (activate travel to fixed stop)
e DB31, ... DBX62.5 (fixed stop reached)

Example:

If the axis is at the fixed stop and the target block is available after deselection of rxs, the
new target position is displayed via DB31, ... DBX62.5 (fixed stop reached) as the repos
offset.

With repos, the functionality of rxs is repeated automatically and called FXS-REPOS in the
following. This sequence is comparable to the FXS_SERUPRO_ASUP.MPF program.
Whereby every axis is taken into account and the last torque programmed before the search
target is used.

The user can treat rxs separately in a SERUPRO ASUB.

The following then applies:

Every rxs action executed in the SERUPRO ASUB automatically takes care of
$AA_FXS[ <axis> ] = $VA_FXS[ <axis> ].

This deactivates FXS-REPOS for axis X.
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5.2 Detailed description

Deactivating FXS-REPOS

FXS-REPOS is deactivated by:
® An rxs synchronized action which refers to reposa

e $AA_FXS[X] = $VA_FXS[X] in the SERUPRO_ASUB

Note

A SERUPRO ASUB without rxs treatment or no SERUPRO ASUB results automatically
in FXS-REPOS.

/\ CAUTION

Speed too high for FXS-REPOS

Fxs-REPOS traverse all path axes together to the target position. Axes with and without
rxs treatment thus traverse together with the G code and feedrate valid in the target

block. As a result, the fixed stop may be approached in rapid traverse(co) or higher
velocity.

FOC in the REPOS

524

NC reset

294

FOC-REPOS behaves in the same way as FXS-REPOS.

A changing torque characteristic during the program preprocessing cannot be implemented
with Foc-rEPOS.

Example

Axis X is traversed from position 0 to 100. roc is switched on every 20 millimeters for 10
millimeters. The resulting torque characteristic is generated with non-modal roc and cannot
be traced by FOC-REPQOS. Axis X is traversed by FOC-REPOS with or without roc in
accordance with the last programming before the target block.

For programming examples of rxs "Travel to fixed stop", see Section "Program test
(Page 469)".

Behavior for reset and function abort

As long as the function is still not in the "Successful travel to fixed stop" state, the travel to
fixed stop can be aborted with NC reset.

Even when the fixed stop has already has been approached, but the specified stop torque
not yet fully reached, then the function can still be aborted with NC reset. The position
setpoint of the axis is synchronized with the current actual position.

As soon as the function is in the "Successful travel to fixed stop" state, the function also
remains active after the NC reset.

Basic Functions
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5.2 Detalled description

Function abort

A function abort can be triggered by the following events:

® Emergency stop

/\CAUTION

Dangerous machine situations possible for travel to limit stop

It must be ensured that no dangerous machine situations occur while travel to fixed stop
is active when an "Emergency stop" is triggered or reset.

For example, behavior when setting and canceling the pulse enable:
MD37002 $MA_FIXED_STOP_CONTROL, bit 0 (behavior for pulse disable at the stop)
e Bit 0 =0: Travel to fixed stop is aborted

e Bit 0 = 1: Travel to fixed stop is interrupted, i.e. the drive is without power
Once the pulse disable is canceled again, the drive presses with the stop torque
again.

Note

NC and drive have no power during "Emergency stop", i.e. the PLC must react.

® Functional state: "Fixed stop not reached"
e Functional state: "Fixed stop aborted"

® Aborted by the PLC user program:
DB31, ... DBX62.4 = 0 ("Activate travel to fixed stop")

® Cancellation of the pulse enable and machine data parameterization:
MD37002 $MA_FIXED_STOP_CONTROL, bit 0 = 0 (see above)

5.2.5 Behavior with regard to other functions

Measurement with delete distance-to-go

"Travel to fixed stop" (rxs) cannot be programmed in a block with "Measurement with delete
distance-to-go" (veas). Except when on function acts on a path axis while the other acts on a
positioning axis or both functions act on positioning axes.

Contour monitoring

The axis contour monitoring function is inoperative while "Travel to fixed stop" is active.

Positioning axes

For "Travel to fixed stop" with positioning axes rosa, the block change is executed even
when the positioning axis has not yet reached the fixed stop by this time.

Basic Functions
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5.2 Detailed description

5.2.6

296

Vertical axes

The "Travel to fixed stop" function can be used for vertical axes even when alarms are
active.

If a function-specific alarm occurs for a vertical axis when traveling to fixed stop, the NC/PLC
interface signal DB11, DBX6.3 (mode group ready) is not reset: This means that the
corresponding drive is not de-energized.

This corresponds to an electronic weight compensation for the vertical axis and can be
configured via the following machine data:

MD37052 $MA_FIXED_STOP_ALARM_REACTION

References
Further information on vertical axes can be found in:

e SINAMICS S120 Function Manual

® Function Manual, Extended Functions; Compensation (K3),
Section: Electronic counterweight

Setting data

The values programmed via the function-specific Fxs, rxsT and Fxsw commands are written
block-synchronously to the following, immediately effective, axis-specific setting data:

Switching the function on/off

SD43500 $SA_FIXED_STOP_SWITCH (selection/deselection of travel to fixed stop)
Clamping torque

SD43510 $SA_FIXED_STOP_TORQUE (clamping torque)

Note
Clamping torque greater than 100%
A value for the clamping torque in SD43510 greater than 100% of the maximum motor

torque is only advisable for a short time. In addition, the maximum motor torque is limited by
the drive. For example, the following drive parameters have a limiting effect:

e p1520/p1521 upper torque limit/force limit / lower torque limit/force limit
e p1522/p1523 upper torque limit/force limit / lower torque limit/force limit
e p1530/p1531 power limit, motoring / power limit, regenerating

e p0640 current limit

e p0326 motor stall force correction factor

Detailed information on the drive parameters and the functions can be found in:

References
¢ SINAMICS S120/S150 List Manual
e SINAMICS S120 Function Manual
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Default setting

Effectiveness

References

See also

5.2.7

Basic Functions

5.2 Detalled description

Monitoring window
SD43520 $SA_FIXED_STOP_WINDOW (monitoring window)

The defaults for the setting data are set via the following machine data:

e Clamping torque:
MD37010 $MA_FIXED_STOP_TORQUE_DEF (default clamping torque)

® Monitoring window:
MD37020 $MA_FIXED_STOP_WINDOW_DEF (default monitoring window)

The setting data for the clamping torque and monitoring window takes effect immediately. In
this way, the clamping state can be adapted to the machining situation at any time by the
operator or via the PLC user program.

Further detailed information on the machine and setting data can be found in:

List Manual, Detailed Machine Data Description

Z1: NC/PLC interface signals (Page 1583)

System variable

Information on the status of the function can be read via the following system variables in
part programs and synchronized actions:

o $AA_FXS (status, "Travel to fixed stop" desired state)
o $VA_FXS (status, "Travel to fixed stop" actual state)

® $VA_FXS_INFO (additional information for "Travel to fixed stop")
The system variable contains additional information for the case that the travel to fixed
stop has failed: $VA_FXS ==

Note
Actual position at fixed stop

After reaching the fixed stop, the actual position of the machine axis can be read, for
example, for evaluation or measuring purposes via the $AA_IM system variables.
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5.2 Detailed description

Application example for $AA_FXS

5.2.8

208

In order that a block change is executed, no alarm should be triggered when a fault occurs.
The cause can then be determined via the system variable and a specific reaction
performed.

Requirement: MD37050 $MA_FIXED_STOP_ALARM_MASK = 0 (do not trigger an alarm)

Program code

X300 Y500 F200 FXS[X1]=1 FXST[X1]=25 FXSW[X1]=5
; IF fixed stop == reached => normal case
IF $AA FXS[X1]==2 GOTOF FXS_ERROR

; Normal case

GO01 X400 Y200

GOTOF PROG_END
; ELSE error handling
FXS_ERROR: ...

PROG_END: M30

Fixed stop alarms

Alarm 20091 "Fixed stop not reached"

If the fixed stop position is not reached during travel to fixed stop, alarm 20091 "Fixed stop
not reached" is displayed and a block change executed.

Alarm 20092 "Travel to fixed stop is still active"

If there is a travel request or renewed function selection for the axis after the fixed stop has
been reached, alarm 20092 "Travel to fixed stop is still active" is displayed.

Alarm 20093 "Standstill monitoring at fixed stop has triggered"

If an axis has reached the fixed stop and is then moved out of this position by more than the
value specified in the setting data

SD43520 FIXED_STOP_WINDOW (fixed stop monitoring window)

alarm 20093 "Standstill monitoring at fixed stop has triggered" is displayed, travel to fixed
stop for this axis is deselected and the following system variable set:
$AA_FXS[x] =2

Alarm 20094 "Function has been aborted"

The travel to fixed stop is aborted if the clamping torque can no longer be applied due to the
cancellation of the pulse enable, or the requested acknowledgement signal at the NC/PLC
interface has been reset:

e Acknowledgement signal required: MD37060 $MA_FIXED _STOP_ACKN_MASK,
bit0=1

® Acknowledgement signal: DB31, ... DBX3.1 == 0 (enable travel to fixed stop)

Basic Functions
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5.2 Detalled description

Enabling the fixed stop alarms

The following machine data can be use to set whether the fixed stop alarms

e Alarm 20091 "Fixed stop not reached",

e Alarm 20094 "Fixed stop aborted"

are displayed:

MD37050 $MA_FIXED_STOP_ALARM_MASK (enable of the fixed stop alarms)

Settable functional behavior for fixed stop alarms

The following machine data can be used to set that the function is not aborted when
function-specific alarms occur:

e Alarm 20090 Travel to fixed stop not possible

e Alarm 20091 Fixed stop not reached

e Alarm 20092 Travel to fixed stop is still active

e Alarm 20093 Standstill monitoring at fixed stop has triggered

e Alarm 20094 Travel to fixed stop aborted

MD37052 $MA_FIXED_STOP_ALARM_REACTION (reaction to fixed stop alarms)

Alarm suppression after new programming

5.2.9

Function

Basic Functions

Travel to fixed stop can be used for simple measuring processes.

For example, it is possible to carry out a check for tool breakage by measuring the tool
length by traversing onto a defined obstacle. To do so, the fixed stop alarm must be
suppressed. When the function for clamping workpieces is then used "normally," the alarm
can be activated using part program commands.

Travel with limited torque/force FOC

For applications in which torque or force are to be changed dynamically depending on the
travel or on the time or on other parameters (e.g. pressing), the functionality FOC (Force
Control) is provided.

Forcel/travel or force/time profiles are thus possible in the resolution for the interpolation
cycle.

The function allows torque/force to be modified at any time using synchronized actions.

The function can be activated modally or non-modally.
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5.2 Detailed description

Availability

System Availability
SINUMERIK 840D sl Standard (basic scope)
SINUMERIK 828D Option

Modal activation (FOCON/FOCOF)

Programming

300

The activation of the function after POWER ON and RESET is determined by the machine
data:

MD37080 $MA_FOC_ACTIVATION_MODE (controlling the initial setting of the modal
limitation of torque/force)

Bit Meaning
0 Effective after POWER ON:
=0 FOCOF
=1 FOCON
1 Effective after RESET:
=0 FOCOF
=1 FOCON

FOCON: Activation of the modally effective torque/force limitation
FOCOF: Disables the torque/force limitation

The modal activation acts beyond the program end.
If already programmed, the torque/force set with FXST is effective.

FXST can be programmed irrespectively of FOCON; it comes into effect, however, only after
the function has been activated.

The programming of the axis is carried out in square brackets.
The following are permissible:

® Geometry axis name

® Channel axis name

® Machine axis name

Example:
Program code Comment
N10 FOCON [X] ; Modal activation of the torque limit
N20 X100 Y200 FXST[X]=15 ; X travels with reduced torque (15%)
N30 FXST[X]=75 X20 ; Changing the torque to 75%.

; X travels with this reduced torque.
N40 FOCOF [X] ; Disable torque limit

Basic Functions
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5.2 Detalled description

Block-related limit (FOC)
The part program command roc activates the torque limit for a block.

An activation from a synchronized action takes effect up to the end of the current part
program block.

Priority FXS/FOC
An activation of FXS with FOC active has priority, i.e. FXS is executed.

A deselection of FXS will cancel the clamping.

A modal torque/force limitation remains active.

After POWER ON the activation takes effect with the machine data:
MD37010 $MA_FIXED_STOP_TORQUE_DEF

This torque can be changed at any time by programming FXST.

Synchronized actions

The language commands roc, Focon, Focor can also be programmed in synchronized actions
as the commands for "Travel to fixed stop".

Determine FOC status

The activation status can be read at any time via the status variable $AA_FOC.

If FXS is also activated, the status is not changed.

Value  Meaning

0 FOC not active
1 FOC modal active
2 FOC non-modal active

Determine torque limit status

The system variables $VA_TORQUE_AT_LIMIT can be used at any time to read in systems
whether the currently active torque corresponds to the specified torque limit.

Value Meaning

0 Effective torque < torque limit value
1 Effective torque has reached the torque limit value

Basic Functions
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5.2 Detailed description

Restrictions

The FOC function is subject to the following restrictions:

® The change of the torque/force limitation represented as an acceleration limitation is
taken into account in the traversing motion only at the block limits (see command ACC).

e Only FOC:

No monitoring is possible from the NC/PLC interface to check that the active torque limit
has been reached.

e |f the acceleration limitation is not adapted accordingly, an increase in the following error
occurs during the traversing motion.

e |f the acceleration limitation is not adapted accordingly, the end-of-block position is
possibly reached later than specified in:
MD36040 $MA_STANDSTILL_DELAY_TIME

The machine data:
MD36042 $MA_FOC_STANDSTILL_DELAY_TIME
is introduced for this and monitored in this status.

Possible application for link and container axes

302

All axes that can be traversed in a channel, i.e. also link axes and container axes, can be
traversed to fixed stop.

References:

Function Manual, Extended Functions; Several Operator Panels on Multiple NCUs,
Distributed Systems (B3)

The status of the machine axis is kept in the case of a container rotation, i.e. a clamped
machine axis remains at the stop.

If a modal torque limitation has been activated with FOCON, this is kept for the machine axis
even after a container rotation.

Basic Functions
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5.3 Examples

5.3 Examples

Static synchronized actions

Basic Functions

Travel to limit stop (rxs) is initiated on request using an R parameter (sr1) in a static

synchronized action.

Program code

Comment

N10 IDS=1 WHENEVER
(($R1==1) AND
($AA_FXS[Y]==0)) DO

SR1=0 FXS[Y]=1

N1l IDS=2 WHENEVER
($AA FXS[Y]==4) DO
FXST[Y]=30

N12 IDS=3 WHENEVER
($AA_FXS[Y]==1) DO
FXST [Y] =$R0

N13 IDS=4 WHENEVER
(($R3==1) AND
($AA_FXS[Y]==1)) DO
FXs[Y]=0

FA[Y]=1000 POS[Y]=0

N30 RELEASE(Y)

N60 GET(Y)

N20 FXS[Y]=0 GO G90 X0 YO

; Static synchronized action 1:

; Rl==1 (FXS for Y requested) AND

; Avoidance of multiple selection

; SAA FXS[Y]== (axis not at limit): =>

; Reset SR1, activate FXS for Y

FXST[Y]=10 ; Limit torque: 10%
FA[Y] =200 ; Axial feedrate Y: 200
POS [Y] =150 ; Positioning movement Y

; Static synchronized action 2:
; SAA FXS[Y]==4 (limit detected): =>

; Limit torque: 30%

; Static synchronized action 3:

; SAA FXS|[Y]== (limit reached successfully) :

; Limit torque: Value from R parameter $RO

; Static synchronized action 4:

; R3==1: Deselection of FXS for Y requested

; SAA FXS[Y]==1 (limit reached successfully):

; Deselect FXS

; Positioning movement Y

; Set initial settings: FXS deselected,

X and Y at initial position

=>

=>

; Release Y for movements in synchronized actions

Include axis Y back into the path group

Note

Avoidance of multiple selection for FXS

To avoid a multiple selection, we recommend that prior to activating FXS, query either the

$AA_FXS==0 system variable or a user-specific flag. See above, program example N10
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5.4 Data lists

Block-related synchronized actions

Travel to limit stop is activated above a specific position of the traversing motion of the

following block

Program code

Comment

N10 GO G9S0 XO

N20 WHEN $AA IW[X]>17 DO FXS[X]=1

N30 G1 F200 X100

; Starting position
; Above X > 17: Activate FXS for X

; Traversing motion for X

Note

A block-related synchronized action is machined together with the next main program block.

5.4 Data lists
541 Machine data
54.1.1 Axis/spindlespecific machine data
Number Identifier: $MA_ Description
36042 FOC_STANDSTILL_DELAY_TIME Delay time, standstill monitoring for active
torque/force limiting
37000 FIXED_STOP_MODE Travel to fixed stop mode
37002 FIXED_STOP_CONTROL Sequence monitoring for travel to fixed stop
37010 FIXED_STOP_TORQUE_DEF Fixed stop clamping torque default setting
37012 FIXED_STOP_TORQUE_RAMP_TIME Time until the modified torque limit is reached
37020 FIXED_STOP_WINDOW_DEF Default for fixed stop monitoring window
37030 FIXED_STOP_THRESHOLD Threshold for fixed stop detection
37040 FIXED_STOP_BY_SENSOR Fixed stop detection via sensor
37050 FIXED_STOP_ALARM_MASK Enabling the fixed stop alarms
37052 FIXED_STOP_ALARM_REACTION Reaction to fixed stop alarms
37060 FIXED_STOP_ACKN_MASK Monitoring of PLC acknowledgments for travel to fixed
stop
37070 FIXED_STOP_ANA_TORQUE Torque limit on fixed stop approach for analog drives
37080 FOC_ACTIVATION_MODE. Initial setting of the modal torque/force limiting
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5.4.2 Setting data

5421 Axis/spindle-specific setting data

5.4 Data lists

Number Identifier: $SA_ Description

43500 FIXED_STOP_SWITCH Selection of travel to fixed stop

43510 FIXED_STOP_WINDOW Fixed stop clamping torque

43520 FIXED_STOP_TORQUE Fixed stop monitoring window
54.3 Signals
5.4.31 Signals to axis/spindle

Signal name SINUMERIK 840D sl SINUMERIK 828D

Acknowledge fixed stop reached

DB31, ... .DBX1.1

DB380x.DBX1.1

Sensor for fixed stop

DB31, ... .DBX1.2

DB380x.DBX1.2

Axis/spindle disable

DB31, ... .DBX1.3

DB380x.DBX1.3

Controller enable

DB31, ... .DBX2.1

DB380x.DBX2.1

Enable travel to fixed stop

DB31, ... .DBX3.1

DB380x.DBX3.1

5.4.3.2 Signals from axis/spindle

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

Activate travel to fixed stop

DB31, ... .DBX62.4

DB390x.DBX2.4

Fixed stop reached

DB31, ... .DBX62.5

DB390x.DBX2.5
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Function Manual, 03/2013, 6FC5397-0BP40-3BA1

305



F1: Travel to fixed stop

5.4 Data lists

Basic Functions
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G2: Velocities, setpoint / actual value systems, 6
closed-loop control

6.1 Brief description
The description of functions explains how to parameterize a machine axis in relation to:
® Actual-value/measuring systems
® Setpoint system
® Operating accuracy
® Travel ranges
® Axis velocities

® Control parameters

6.2 Velocities, traversing ranges, accuracies

6.2.1 Velocities

Maximum path and axis velocities and spindle speed

The maximum path and axis velocities and spindle speed are influenced by the machine
design, the dynamic response of the drive and the limit frequency of the actual-value
acquisition (encoder limit frequency).

The maximum axis velocity is defined in machine data:
MD32000 $MA_MAX_AX_VELO (maximum axis velocity)

The maximum permissible spindle speed is specified using machine data:
MD35100 $MA_SPIND_VELO_LIMIT (maximum spindle speed)

For explanations, see Section "S1: Spindles (Page 1225)".

With a high feedrate (resulting from programmed feedrates and feedrate override), the
maximum path velocity is limited to Vmax.

This automatic feedrate limiting can lead to a drop in velocity over several blocks with
programs generated by CAD systems with extremely short blocks.

Basic Functions
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6.2 Velocities, traversing ranges, accuracies

Example:

Interpolation cycle = 12 ms

N10 GO X0 YO; [mm]

N20 GO X100 Y100; [mm]

= Path length programmed in block = 141.42 mm

= Vmax= (141.42 mm/12 ms) - 0.9 = 10606.6 mm/s = 636.39 m/min

Minimum path, axis velocity

Example:

308

The following restriction applies to the minimum path or axis velocity:

1073

Incr.

Vmin = . . . .
Computational resolution [ms] interpolation cycle [s]

The computational resolution is defined using machine data:
MD10200 $MN_INT_INCR_PER_MM (computational resolution for linear positions)

or
MD10210 $MN_INT_INCR_PER_DEG (computational resolution for angular positions)

If Vmin is not reached, no traversing is carried out.

MD10200 $MN_INT_INCR_PER_MM = 1000 [incr. /mm];

Interpolation cycle = 12 ms;

= Vmin = 10-3/(1000 "c/mm x 12 ms) = 0.005 ™™/min;

The value range of the feedrates depends on the computational resolution selected.
For the standard assignment of machine data:

MD10200 $SMN_INT_INCR_PER_MM
(computational resolution for linear positions) (1000 incr./mm)

or
MD10210 $SMN_INT_INCR_PER_DEG
(computational resolution for angular positions) (1000 incr./deg.)

The following value range can be programmed with the specified resolution:

Range of values for path feed F and geometry axes:

Metric system: Inch system:
0.001 < F <999,999.999 0.001 < F < 399,999.999 [inch/min, inch/rev]
[mm/min, mm/rev, degrees/min, degrees/rev]
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G2: Velocities, sefpoint / actual value systems, closed-loop control
6.2 Velocities, traversing ranges, accuracies

Range of values for feedrate for positioning axes:

Metric system:
0.001 < FA <999,999.999
[mm/min, mm/rev, degrees/min, degrees/rev]

Inch system:
0.001 < FA < 399,999.999
[inch/min, inch/rev]

Range of values for spindle speed S:
0.001 < S = 999,999.999 [rpm]

If the computational resolution is increased/decreased by a factor, then the value ranges
change accordingly.

6.2.2 Traversing ranges

Range of values of the traversing ranges

The range of values of the traversing range depends on the computational resolution
selected.

For the standard assignment of machine data:

MD10200 $MN_INT_INCR_PER_MM

(computational resolution for linear positions) (1000 incr./mm)
or

MD10210 $SMN_INT_INCR_PER_DEG

(computational resolution for angular positions) (1000 incr./deg.)

The following value range can be programmed with the specified resolution:

Table 6- 1 Traversing ranges of axes

g71 [mm, degrees]

@70 [inch, degrees]

Range

Range

Linear axes X, Y, Z, etc.

¥ 999,999.999

¥ 399,999.999

Rotary axes A, B, C, etc.

¥ 999,999.999

¥ 999,999.999

Interpolation parameters |, J, K

¥ 999,999.999

¥ 399,999.999

The unit of measurement of rotary axes is always degrees.

If the computational resolution is increased/decreased by a factor of 10, the ranges of values
change accordingly.

The traversing range can be limited by software limit switches and working areas (see
Section "A3: Axis Monitoring, Protection Zones (Page 79)").

For special features for a large traversing range for linear and rotary axes, see Section "R1:
Referencing (Page 1173)".
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G2: Velocities, selpoint / actual value systems, closed-loop control

6.2 Velocities, traversing ranges, accuracies

The traversing range for rotary axes can be limited via machine data.
References:

Function Manual, Extended Functions; Rotary Axes (R2)

6.2.3 Positioning accuracy of the control system

Actual-value resolution and computational resolution

The positioning accuracy of the control depends on the actual-value resolution (=encoder
increments/(mm or degrees)) and the computational resolution (=internal increments/(mm or
degrees)).

The coarse resolution of these two values determines the positioning accuracy of the control.

The input resolution, interpolator and position-control cycle selections have no effect on this
accuracy.

As well as limiting using MD32000, the control limits the maximum path velocity in relation to
the situation and according to the following formula:

Internal increments / mm 1
Encoder increments / mm ENC_RESOL [n] * ENC_PULSE_MULTI[n]

DRIVE_ENC_RATIO_NUMERA [n]
DRIVE_ENC_RATIO_DENOM [n]

DRIVE_AX_RATIO_DENOM [n]
DRIVE_AX_RATIO_NUMERA [n]

* LEADSCREW_PITCH

* INT_INCR_PER_MM

Basic Functions
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G2: Velocities, sefpoint / actual value systems, closed-loop control

6.2 Velocities, traversing ranges, accuracies

6.2.4 Input/display resolution, computational resolution

Resolutions: Differences

Resolutions, e.g. resolutions of linear and angular positions, velocities, accelerations and
jerk, must be differentiated as follows:

® |nput resolution
Data is input via the control panel or part programs.
e Display resolution
Data is displayed via the control panel.
® Computational resolution
Data input via the control panel or part program is displayed internally.

The input and display resolution is determined by the specified operator panel front used,
whereby the display resolution for position values with the machine data:

MD9004 $MM_DISPLAY_RESOLUTION (display resolution)
can be changed.
The machine data:

MD9011 $SMM_DISPLAY_RESOLUTION_INCH (display resolution for INCH measuring
system)

can be used to configure the display resolution for position values with inch setting.
This allows you to display up to six decimal places with the inch setting.

For the programming of part programs, the input resolutions listed in the Programming Guide
apply.

The desired computational resolution is defined using the machine data:

MD10200 $MN_INT_INCR_PER_MM (computational resolution for linear positions)

and

MD10210 $SMN_INT_INCR_PER_ DEG (computational resolution for angular positions).

It is independent of the input/display resolution but should have at least the same resolution.

The maximum number of places after the decimal point for position values, velocities, etc., in
the part program and the number of places after the decimal point for tool offsets, zero
offsets, etc. (and therefore also for the maximum possible accuracy) is defined by the
computational resolution.

The accuracy of angle and linear positions is limited to the computational resolution by
rounding the product of the programmed value with the computational resolution to an
integer number.

To make the rounding clear, powers of 10 should be used for the calculation resolution.
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6.2 Velocities, traversing ranges, accuracies

Example of rounding:
Computational resolution: 1000 incr./mm
Programmed path: 97.3786 mm

Effective value: 97.379 mm

Example of programming in the /10 pm range:

All the linear axes of a machine are to be programmed and traversed within the range of
values 0.1 to 1000 pm.

= In order to position accurately to 0.1 ym, the computational resolution must be set to = 104
incr./mm.

= MD10200 $MN_INT_INCR_PER_MM = 10000 [incr./mm]:

= Example of related part program:

Program code Comment

N20 GO X 1.0000 Y 1.0000 ; Axes travel to the position
X=1.0000 mm, Y=1.0000 mm;
N25 GO X 5.0002 Y 2.0003 ; Axes travel to the position

X=5.0002 mm, Y¥=2.0003 mm

6.2.5 Scaling of physical quantities of machine and setting data

Input/output units

Machine and setting data that possess a physical quantity are interpreted in the input/output
units below depending on whether the metric or inch system is selected:

312

Physical quantity: Input/output units for standard basic system:
Metric Inch
Linear position 1 mm 1inch
Angular position 1 degree 1 degree
Linear velocity 1 mm/min 1 inch/min
Angular velocity 1 rpm 1 rpm
Linear acceleration 1 m/s? 1 inch/s2
Angular acceleration 1 rev./s2 1 rev./s?
Linear jerk 1 m/s3 1 inch/s?
Angular jerk 1rev./sd 1rev./s?
Time 1s 1s
Position controller servo gain | 1/s 1/s
Rev. feedrate 1 mm/rev inch/rev

Basic Functions
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G2: Velocities, sefpoint / actual value systems, closed-loop control

Basic Functions

6.2 Velocities, traversing ranges, accuracies

Physical quantity:

Input/output units for standard basic system:

Metric Inch
Compensation value linear 1 mm 1inch
position
Compensation value angular | 1 degree 1 degree
position

The units listed below are used for storage. The control always uses these units internally

irrespective of the basic system selected.

Physical quantity: Internal unit:
Linear position 1 mm
Angular position 1 degree
Linear velocity 1 mm/s
Angular velocity 1 deg./s
Linear acceleration 1 mm/s?

Angular acceleration

1 degree/s?

Linear jerk 1 mm/s3
Angular jerk 1 degree/s?
Time 1s
Position controller servo gain 1/s

Rev. feedrate

1 mm/degree

Compensation value linear position

1 mm

Compensation value angular position

1 degree

The user can define different input/output units for machine and setting data.

For this, the machine data:

MD10220 $MN_SCALING_USER_DEF_MASK

(activation of scaling factors)

and

MD10230 $MN_SCALING_FACTORS_USER_DEF[n]

(Scaling factors of physical quantities)

allow you to set the adaptation between the newly selected input/output units and the

internal units.
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G2: Velocities, selpoint / actual value systems, closed-loop control

6.2 Velocities, traversing ranges, accuracies

Example 1:

314

Input/output units for machine
and setting data

Do the input/
output units
correspond to the
standard basic system?

A

User-defined
MD10230 SCALING_FACTORS_USER_DEF[n]
MD10220 SCALING_FACTORS_USER_DEF_MASK

Format conversion

Y

Internal units

The following applies:

Selected input/output unit = MD10230 * internal unit
In the machine data:

MD10230 $MN_SCALING_FACTORS_USER_DEF[n]

the selected input/output unit printed in each case in the internal units 1mm, 1 degree and 1
s must be input.

Machine data input/output of the linear velocities is to be in m/min instead of mm/min (initial
state).

(The internal unit is mm/s)

=  The scaling factor for the linear velocities is to differ from the standard setting. For this
in the machine data:

MD10220 $MN_SCALING_USER_DEF_MASK
the bit number 2 must be set.
= MD10220 $SMN_SCALING_USER_DEF_MASK = 'H4'; (bit no. 2 as hex value)

Basic Functions
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G2: Velocities, sefpoint / actual value systems, closed-loop control
6.2 Velocities, traversing ranges, accuracies

=  The scaling factor for the linear velocities is to differ from the standard setting. For this
in the machine data:

MD10220 $MN_SCALING_USER_DEF_MASK
the bit number 2 must be set.
> MD10220 $SMN_SCALING_USER_DEF_MASK = 'H4"; (bit no. 2 as hex value)

= The scaling factor is calculated using the following formula:

MD10230 SCALING_FACTORS_USER DEF[n] — -nPut/output unit selected

Internal unit
4 M 1000 mm
MD10230 SCALING_FACTORS_USER DEF[n] = —mn_ _ __ 60s__ 1280 — 16.667:
175 175

= MD10230 SCALING_FACTORS_USER_DEF[n] = 16.667

Index n defines the "linear velocity" in the "Scaling factors of physical quantities" list.

Example 2:

In addition to the change in Example 1, the machine data input/output of linear accelerations
must be in ft/s? instead of m/s2 (initial state).
(The internal unit is mm/s2.)

= MD10220 SCALING_USER_DEF_MASK = H14; (Bit No. 4 and Bit No. 2 from example 1
as hex value)

ft . mm
e 12*25,4 57~
= MD10220 SCALING_FACTORS_USER_DEF[4] = mm- = mm = 304,8;
LLLLLD 1=
s2 s2

= MD10230 SCALING_FACTORS_USER_DEF[4] = 304,8

Index 4 defines the "linear acceleration" in the "Scaling factors of physical quantities" list.
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G2: Velocities, selpoint / actual value systems, closed-loop control

6.3 Metric/inch measuring system

6.3

6.3.1

Metric/inch measuring system

Conversion of basic system by part program

Programmable switchover in the measuring system

The basic system can be switched over within a part program via the G functions
a7o/g71/a700/c710 (G group 13). The programmed measuring system (¢70/c71/c700/a710) and
the basic system may be identical or different at any time. When the measuring system is
switched over within a particular section of the part program, this would enable an inch
thread to be processed on a workpiece within a metric basic system, for example.

The following section of the part program is executed in "metric" in the basic system:
MD10240 $MN_SCALING_SYSTEM_IS_METRIC = 1

Program code Comment

N100 G71 ; Switchover to metric processing

H The conversion factor does not come into effect because the
programmed

measuring system does not differ from the basic system
; Metric processing
N200 G70 ; Switchover to processing in inches
The conversion factor comes into effect
i Processing in inches

N300 ; Switchover to metric processing

Metric processing

Initial state of the G functions

The initial state for the G functions can be set via the following machine data on a channel-
specific basis:
MD20150 $MC_GCODE_RESET_VALUES[12] (reset position for G group 13)

When changing the measuring system via the HMI user interface, the reset position is
automatically preconfigured for compatibility with the new measuring system via a7o00 or a71o.

Displaying length-related data on the HMI

316

Length-related data is displayed on the HMI in the configured basic system
MD10240 $MN_SCALING_SYSTEM_IS_METRIC (metric basic system).

The following length-related data is displayed in the configured basic system:
® Machine data

e Data in the machine coordinate system

® Tool data

e Zero offsets

The following length-related data is displayed in the programmed measuring system:
e Data in the workpiece coordinate system

Basic Functions
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Reading in part programs from external sources

6.3 Metric/inch measuring system

If part programs, including data sets (zero offsets, tool offsets, etc.), programmed in a
different measuring system from the basic system are read in from an external source, the
initial state must first be changed via machine data MD10240.

NC/PLC interface signals

In the case of NC/PLC interface signals containing dimension information, e.g. feedrate for
path and positioning axes, data exchange is carried out with the PLC in the configured basic

system.

G functions e700/e710

The G functions g700/g710 extend the functionality of ¢70/c71 as follows:

1. The feedrate is interpreted in the programmed measuring system:

— G700: length parameters [inch]; feedrates [inch/min]

— G710: length parameters [mm]; feedrates [mm/min]

The programmed feedrate is modal and therefore remains active after subsequent
a7o0la71/ca700/a710 commands. If the feedrate is to apply in the new c7o/c71/c700/G710

context, it must be re-programmed.

2. System variables and machine data specifying lengths in the part program are read and
written in the programmed measuring system.

Differences during the reading and writing of machine data and system variables

The following differences exist between c70/c71 and a7o00/c710 in terms of reading and writing
machine data and system variables in the part program:

® c7o/c71: Reading and writing takes place in the configured basic system.

® c7o0/g710: Reading and writing takes place in the configured measuring system.

Example

The following part program is executed with an initial metric state:
MD10240 $MN_SCALING_SYSTEM_IS_METRIC =1

Program code

Comment

N100 R1=0 R2=0

N120 GO1l G70 X1 F1000

N130 $MA LUBRICATION DIST[X]=10

N150 IF ($AA IW[X]>$MA LUBRICATION DIST [X])
N160 R1l=1

N170 ENDIF

N180 IF (S$AA IW([X]>10)
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Prog. meas. system: inch
MD = 10 [mm] (basic system)
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(prog. meas. system)
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6.3 Metric/inch measuring system

Program code

Comment

N190 R2=1

N200 ENDIF
N210 IF (
N220
N230 ENDIF

N240 M30

(R1+R2)

SETAL (61000)

=1) H Alarm if only one of the two

; conditions (N150, N180) is TRUE

7
7
7

n120: if a70 is replaced by c7o0, alarm 61000 (x220) does not occur.

Synchronized actions

To ensure in the case of synchronized actions that the current part program context does not
determine the measuring system used in the condition and/or action part, the measuring
system must be defined within the synchronized action (condition and/or action parts). This
is the only way of achieving defined, reproducible behavior in the use of length-related data
within a synchronized action.

Example 1

The measuring system is not specified within the synchronized action. Therefore, the
traversing motion of the X axis takes place in the measuring system of the configured initial
state:

Program code Comment

N100 R1=0 ;

N110 GO X0 ZO ;

N120 WAITP (X) ;

N130 ID=1 WHENEVER $R1==1 DO POS[X]=10 H X = 10 inch or mm, depending on the
; rest of the part program

N140 R1=1 i

N150 G71 Z10 F10 ; Z = 10 mm = 10 mm

N1l60 G70 z10 F10 ; Z = 10 inch X = 10 inch

N170 G71 z10 F10 ; Z = 10 mm X = 10 mm

N180 M30 ;

Example 2

The "metric" measuring system is explicitly programmed with ¢71 within the synchronized
action. This means the traversing motion of the X axis takes place in the metric measuring
system:

Program code Comment
N100 R1=0 i
N110 GO X0 Z0 ;
N120 WAITP (X) ;
N130 ID=1 WHENEVER $R1==1 DO G71 POS[X]=10 ; X = 10 mm, independent of the
; rest of the part program

Basic Functions
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Program code

6.3 Metric/inch measuring system

Comment

N140 R1=1

N150 G71 Z10 F10
N160 G70 Z10 F10
N170 G71 Z10 F10
N180 M30

; Z = 10 mm X = 10 mm
: Z = 10 inch X = 10 mm
Z = 10 mm X =10 mm

Reading and writing of data in the case of G70/G71 and G700/G710 in the part program

Basic Functions

Data area G70/G71 G700/G710

Read Write Read Write

Display, decimal places (WCS) P P P P

R parameters

Siemens cycles

Display, decimal places (MCS) G G G G
Feedrates G G P P
Positional data X, Y, Z P P P P
Interpolation parameters |, J, K P P P P
Circle radius (CR) P P P P
Polar radius (RP) P P P P
Thread pitch P P P P
Programmable FRAME P P P P
Settable FRAMES G G P P
Basic frames G G P P
External zero offsets G G P P
Axial preset offset G G P P
Operating range limit (G25/G26) G G P P
Protection zones P P P P
Tool offsets G G P P
Length-related machine data G G P P
Length-related setting data G G P P
Length-related system variables G G P P
GUD G G G G
LUD G G G G
PUD G G G G
G G G G

P P P P

G G G

Jog/handwheel increment factor G

P: Data is read/written in the programmed measuring system
G: Writing/reading takes place in the configured basic system.
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6.3 Metric/inch measuring system

Note
Read position data in synchronized actions
If a measuring system has not been explicitly programmed in the synchronized action

(condition component and/or action component) length-related position data in the
synchronized action are always read in the parameterized basic system.

References:
Programming Manual, Fundamentals; List of Addresses

NC-specific conversion factor
The default conversion factor in the machine data:
MD10250 $MN_SCALING_VALUE_INCH (conversion factor for switchover to inch system)

is set to 25.4 for converting from the metric to the inch measuring system. By changing the
conversion factor, the control system can also be adapted to customer-specific measuring
systems.

Axis-specific conversion factor
The default conversion factor in the axis-specific machine data:
MD31200 $MA_SCALING_FACTOR_G70_G71 (conversion factor when c7o/c71 is active)

is set to 25.4 for converting from the metric to the inch measuring system. By changing the
conversion factor, the control system can also be adapted to customer-specific measuring
systems on an axis-specific basis.

6.3.2 Manual switchover of the basic system

General

The control system can operate with the metric or inch measuring system. The initial setting
of the measuring system (basic system) is defined using the following machine data:

MD10240 $MN_SCALING_SYSTEM_IS_METRIC (basic system metric).

Depending on the basic system, all length-related data is interpreted either as metric or inch
measurements.

The relevant softkey on the HMI in the "Machine" operating area is used to change the
measuring system of the controller.
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6.3 Metric/inch measuring system

The change in the measuring system occurs only under the following supplementary
conditions:

e MD10260 SMN_CONVERT_SCALING_SYSTEM=1

Bit 0 of MD20110 $MC_RESET_MODE_MASK is set in every channel.
e All channels are in the Reset state.

® Axes do not traverse with JOG, DRF or PLC.

e (Constant grinding wheel peripheral speed (GWPS) is not active.

Actions such as part program start or mode change are disabled for the duration of the
measuring system changeover.

If the measuring system cannot be changed, this is indicated by a message to that effect on
the user interface. These measures ensure that a consistent set of data is always used for a
running program with reference to the measuring system.

The actual change in the measuring system is made by writing all the necessary machine
data and subsequently activating them with a reser.

The machine data:

MD10240 $MN_SCALING_SYSTEM_IS_METRIC

and the corresponding c7o0/c71/c700/c710 settings in the machine data:
MD20150 $MN_GCODE_RESET_VALUES

are automatically switched over consistently for all configured channels.
During this process, the value in machine data:

MD20150 $MC_GCODE_RESET_VALUES[12]

changes between G700 and G710.

This process takes place independently of the protection level currently set.

Note

The availability of the softkey and, therefore, its functionality, can be configured using the
compatibility machine data:

MD10260 $MN_CONVERT_SCALING_SYSTEM

If several NCUs are linked by NCU-link, the switchover has the same effect on all linked
NCUs. If the requirements for a switchover are not fulfilled on one of the connected NCUs,
no switchover will take place on any of the NCUs. It is assumed that interpolations between
several NCUs will take place on the existing NCUs, whereby the interpolations can provide
correct results only if the same unit systems are used.

References:

Function Manual, Extended Functions; Several Control Panels on Multiple NCUs, Distributed
Systems (B3)
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6.3 Metric/inch measuring system

System data

When changing over the measuring system, from the view of the user, all length-related

specifications are converted to the new measuring system automatically.

This includes:

® Positions

® [eedrates

® Accelerations
e Jerk

® Tool offsets

® Programmable, settable and external zero offsets and DRF offsets

e Compensation values
® Protection zones
® Machine data

® Jog and handwheel factors

After the changeover, all of the above data is available in physical quantities.

Data, for which no unique physical units are defined, is not converted automatically.

This includes:

® R parameters

® GUDs (Global User Data)

® | UDs (Local User Data)

e PUDs (Program global User Data)
® Analog inputs/outputs

e Data exchange via FC21

In this case, the user is requested to take into account the currently valid system of units:

MD10240 $MN_SCALING_SYSTEM_IS_METRIC

The current system of units setting can be read using the signal:

DB10 DBX107.7 (inch measuring system)

Using the signal:
DB10 DBB71 (change counter, system of units inch/metric)

the "system of units change counter" can be read out

Basic Functions
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6.3 Metric/inch measuring system

® The system of units for sag compensation is configured using:
MD32711 $MA_CEC_SCALING_SYSTEM_METRIC

References:
Function Manual Extended Functions; Compensations (K3)

® The measuring system for positional data of the indexing axis tables and switching points
for software cams is configured in machine data element:
MD10270 $MN_POS_TAB_SCALING_SYSTEM.

References:
Function Manual, Extended Functions; Software Cams, Limit Switching Signals (N3) /
Indexing Axes (T1)

User tool data
For user-defined tool data:
MD18094 $MN_MM_NUM_CC_TDA_PARAM
and tool cutting edge data:
MD18096 $MN_MM_NUM_CC_TOA_PARAM
additional machine data sets are introduced:
MD10290 $MN_CC_TDA_PARAM_UNIT [MM_NUM_CC_TDA_PARAM]
MD10292 $MN_CC_TOA_PARAM_UNIT [MM_NUM_CC_TOA_PARAM]

A physical unit can be configured using these machine data. All length-related user-defined
tool data is automatically converted to the new measuring system according to the input on
switchover.

Reference point

The reference point is retained. It is not necessary to repeat referencing.

Input resolution and computational resolution
The input/computational resolution is set in the controller using machine data:
MD10200 $SMN_INT_INCR_PER_MM

Default settings:

Metric system Inch system
1000 (0.001 mm) 0.0001
Example:

1inch = 25.4 mm = 0.0001 inch = 0.00254 mm = 2.54 pm

To be able to program and display the last 40 mm, MD10200 must be assigned a value of
100000.
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6.3 Metric/inch measuring system

Only with this identical setting for both measuring systems is it possible to change the
measuring system without a significant loss of accuracy. Once MD10200 has been set to this
value, it will not need to be changed each time the measuring system is switched over.

JOG and handwheel factor

Data backup

324

The machine data:
MD31090 $MA_JOG_INCR_WEIGHT

consists of two values containing axis-specific increment weighting factors for each of the
two measuring systems.

Depending on the actual setting in machine data:
MD10240 $MN_SCALING_SYSTEM_IS_METRIC
the controller automatically sets the appropriate value.

The user defines the two increment factors, e.g. for the first axis, during the installation and
startup phase:

® Metric:
MD31090 $MA_JOG_INCR_WEIGHT[0;AX1]=0.001 mm
® Inch:
MD31090 $MA_JOG_INCR_WEIGHT[1;AX1]=0.00254 mm 2 0.0001 inch
In this way, MD31090 does not have to be written on every inch/metric switchover.

Remaining distances are not accumulated during incremental traversing with JOG when the
measuring system is changed, since all internal positions always refer to mm.

Data sets which can be separately read out of the controller and have data where the system
of units is relevant, receive - when reading - as a function of machine data:

MD10260 $MN_CONVERT_SCALING_SYSTEM
an INCH or METRIC identification corresponding to machine data:
MD10240 $MN_SCALING_SYSTEM_IS_METRIC

This specifies the measuring system in which the data were originally read out.

This information is intended to prevent data sets from being read into the control system with
a measuring system, which is different from the active system. In this case, alarm 15030 is
triggered and the write process is interrupted.

Since the language instruction is also evaluated in part programs, these can also be
"protected" against operator errors as described above. You can, therefore, prevent part
programs containing only metric data, for example, from running on an inch measuring
system.

Basic Functions
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Archive and machine data sets are downwards compatible for a setting:
MD11220 $MN_INI_FILE_MODE = 2

Note
The INCH/METRIC operation is only generated if the compatibility machine data:
MD10260 $MN_CONVERT_SCALING_SYSTEM

is set.

Rounding machine data

6.3.3

Programming

Basic Functions

All length-related machine data is rounded to the nearest 1 pm when writing in the inch
measuring system (MD10240 $MN_SCALING_SYSTEM_IS_METRIC=0 and MD10260
SMN_CONVERT_SCALING_SYSTEM=1), in order to avoid rounding problems.

The disturbing loss of accuracy which occurs as a result of conversion to ASCIl when
reading out a data backup in the inch system of measurement, is corrected by this procedure
when the data is read back into the system.

FGROUP and FGREF

It should be possible to program the effective machining feedrate in the usual way as a path
feedrate via the F value in processing procedures where the tool, the workpiece or both are
moved by a rotary axis (e.g. laser machining of rotating tubes).

In order to achieve this, it is necessary to specify an effective radius (reference radius) for
each of the rotary axes involved. You can do this by programming the modal NC address:
FGREF [<rotary axis>]=<reference radius>

The unit of the reference radius depends on the ¢70/g71/c700/c710 Setting.

In order to include the axes in the calculation of the path feedrate, they must all be specified
in the rFerour command.

In order to ensure compatibility with the behavior with no rerer programming, the evaluation
1 degree = 1 mm is activated on system powerup and RESET.

This corresponds to a reference radius of:
FGREF = 360 mm / (211) = 57.296 mm

This default is independent of the active basic system
(MD10240 $MN_SCALING_SYSTEM_IS_METRIC) and the currently active

a7o0la71/a700/a710 Setting.

Function Manual, 03/2013, 6FC5397-0BP40-3BA1 325



G2: Velocities, selpoint / actual value systems, closed-loop control

6.3 Metric/inch measuring system

326

Special features of the feedrate weighting for rotary axes in FGROUP:

Program code

N100 FGROUP(X,Y,Z,A)

N110 G1 G91 Al0 F100

N120 G1 G91 Al0 X0.0001 F100

The programmed F value in block w110 is evaluated as a rotary axis feedrate in degrees/min,

while the feedrate weighting in block w120 is either 100 inch/min or 100 mm/min, depending
on the current inch/metric setting.

NOTICE
Different systems of units

The rerer factor also works if only rotary axes are programmed in the block. The normal =
value interpretation as degree/min applies in this case only if the radius reference
corresponds to the rerer default:

e Forc71/c710: FGREF [A] =57.296

e Forc70/c700; FGREF[A] =57.296/25.4

Example

The following example is intended to demonstrate the effect of rerour on the path and path
feedrate. The variable sac_T1ME contains the time of the block start in seconds. It can only be
used in synchronized actions.

Program code Comment

N100 GO X0 A0

N110 FGROUP (X,A)

N120 G91 Gl G710 F100 ; Feedrate = 100 mm/min or 100 degrees/min

N130 DO $R1=$AC_TIME

N140 X10 ; Feedrate = 100 mm/min, path = 10 mm, Rl = approx. 6

N150 DO $R2=$AC_TIME

N160 X10 AlO0 ; Feedrate = 100 mm/min, path
8 s

14.14 mm, R2 = approx.

N170 DO $R3=$AC_TIME

N180 Al0 ; Feedrate = 100 degrees/min, path = 10 degrees, R3
= approx. 6 s

N190 DO $R4=S$AC_TIME

N200 X0.001 AlO ; Feedrate = 100 mm/min, path = 10 mm, R4 = approx. 6

N210 G700 F100 ; Feedrate = 2540 mm/min or 100 degrees/min
N220 DO $R5=$AC_TIME

N230 X10 ; Feedrate
6 s

2540 mm/min, path = 254 mm, R5 = approx.

Basic Functions
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6.3 Metric/inch measuring system

Program code Comment

N240 DO $R6=$AC_TIME

N250 X10 AlO0 ; Feedrate = 2540 mm/min, path = 254.2 mm, R6
= approx. 6 s

N260 DO $R7=$AC_TIME

N270 AlO0 ; Feedrate = 100 degrees/min, path = 10 degrees, R7
= approx. 6 s

N280 DO $R8=$AC_TIME

N290 X0.001 Al0 ; Feedrate = 2540 mm/min, path = 10 mm, R8 = approx.
0.288 s
N300 FGREF [A]=360/(2*3PI) ; Set 1 degree = 1 inch via the effective radius

N310 DO $R9=$AC_TIME

N320 X0.001 AlO0 ; Feedrate = 2540 mm/min, path = 254 mm, R9 = approx.
6 s

N330 M30

Read reference radius
The value of the reference radius of a rotary axis can be read using system variables:

® Forthe display in the user interface, in synchronized actions or with a preprocessing stop
in the part program via the system variable:

$AA_FGREF[<axis>] Current main run value

e \Without preprocessing stop in the part program via the system variable:

$PA_FGREF[<axis>] Programmed value

If no values are programmed, the default 360 mm / (211) = 57.296 mm (corresponding to
1 mm per degree) will be read in both variables.

For linear axes, the value in both variables is always 1 mm.
Read path axes affecting velocity
The axes involved in path interpolation can be read using system variables:

® For the display in the user interface, in synchronized actions or with a preprocessing stop
in the part program via the system variables:

$AA_FGROUP[<axis>] Returns the value "1" if the specified axis affects the path
velocity in the current main run record by means of the
basic setting or through rerour programming. Otherwise,
the variable returns the value "0".

$AC_FGROUP_MASK Returns a bit key of the channel axes programmed with
reroup Which are to affect the path velocity.
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e Without preprocessing stop in the part program via system variables:

$PA_FGROUP[<axis>]

$P_FGROUP_MASK

Returns the value "1" if the specified axis affects the path

velocity by means of the basic setting or through reroup
programming. Otherwise, the variable returns the value

|l0||.

Returns a bit key of the channel axes programmed with
reroup Which are to affect the path velocity.

6.4 Setpoint/actual-value system
6.4.1 General
Control loop

Setpoint output

328

A control loop with the following structure can be configured for every closed-loop controlled

axis/spindle:

Closed-
—loop
control

Speed-setpoint
output

Speed-

--- IFC position
measuring
system 1/2

Actual-value

processing

JC,

setpoint
routing

"CTRLOUT_TYPE=0 (SIMULATIEON)

_ENC_TYPE=0 (SIMULATION) i

/
NUM_ENCS

\
\
\

Actual-value

processing

)
ﬁ

Actual-
value
routing

|
: Encoder,|
***** |

: Encoder,
,,,,, |

Figure 6-1 Block diagram of a control loop

A setpoint telegram can be output for each axis/spindle. The setpoint output to the actuator

is realized from the SINUMERIK 840D sl.
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Actual-value acquisition

A maximum of two measuring systems can be connected for each axis/spindle, e.g. a direct
measuring system for machining processes with high accuracy requirements and an indirect
measuring system for high-speed positioning tasks.

The number of encoders used is recorded in the machine data:
MD30200 $MA_NUM_ENCS (number of encoders)
In the case of two actual-value branches, the actual value is acquired for both branches.

The active measuring system is always used for position control, absolute value calculation
and display. If both measuring systems are activated at the same time by the PLC interface,
positioning measuring system 1 is chosen internally by the controller.

Reference point approach is executed by the selected measuring system.
Each position measuring system must be referenced separately.

For an explanation of encoder monitoring, see Section "A3: Axis Monitoring, Protection
Zones (Page 79)".

For an explanation of actual-value acquisition compensation functions, see:
References:
Function Manual, Extended Functions; Compensations (K3)

Switching between measuring systems

Monitoring

Basic Functions

One can switch between the two measuring systems through the following NC/PLC interface
signals:

DB31, ... DBX1.5 (position measuring system 1)
DB31, ... DBX1.6 (position measuring system 2)

For further information, see Section "A2: Various NC/PLC interface signals and functions
(Page 33)".

It is possible to switch over measuring systems at any time, the axes do not have to be
stationary to do this. Switchover only takes place if a permissible deviation between the
actual values and the two measuring systems has not been violated.

The associated tolerance is entered in the machine data:
MD36500 $MA_ENC_CHANGE_TOL (max. tolerance on position actual value switchover)

On switchover, the current difference between position measuring system 1 and 2 is
traversed immediately.

The permissible deviation between the actual values of the two measuring systems is to be
entered in the machine data:

MD36510 $MA_ENC_DIFF_TOL

For the cyclic comparison of the two measuring systems used, this difference must not be
exceeded, as otherwise Alarm 25105 "Measuring systems deviate" is generated.
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If the axis is not referenced (at least in the current control measuring system), then the
related monitoring is not active if MD36510 = 0 or if neither of the two measuring systems in
the axis is active/available.

Types of actual-value acquisition

Simulation axes

The used encoder type must be defined through the following machine data:
MD30240 $MA_ENC_TYPE (type of actual-value acquisition (actual position value))

The speed control loop of an axis can be simulated for test purposes.

The axis "traverses" with a following error, similar to a real axis.

A simulation axis is defined by setting the two following machine data to "0":

MD30130 $MA_CTRLOUT_TYPE[n] (output value of setpoint)

MD30240 $MA_ENC_TYPE[n] (type of actual-value acquisition)

As soon as the standard machine data has been loaded, the axes become simulation axes.

The setpoint and actual value can be set to the reference point value with reference point
approach.

The machine data:
MD30350 $MA_SIMU_AX_VDI_OUTPUT (output of axis signals with simulation axes)

can be used to define whether the axis-specific interface signals are to be output on the PLC
during the simulation.

Actual-value correction

330

If actual-value corrections performed by the NC on the encoder selected for position control
do not influence the actual value of another encoder defined in the same axis, then this
encoder is to be declared as "independent" via the following machine data:

MD30242 $MA_ENC_IS_INDEPENDENT
Actual-value corrections include the following:
® Modulo treatment

e Reference point approach

® Measuring system comparison

e PRESET

Basic Functions
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6.4.2 Setpoint and encoder assignment

Setpoint marshalling

The following machin

e data are relevant for the setpoint assignment of a machine axis.

MD30100

$MA_CTRLOUT_SEGMENT_NR[n]

Setpoint assignment, bus segment

System Value | Meaning
840D sl 5 PROFIBUS-DP / PROFINET (default)
MD30110 $MA_CTRLOUT_MODULE_NR[n]
Setpoint assignment: Drive number / module number
System Value | Meaning
840D sl X Index x of MD13050 $MN_DRIVE_LOGIC_ADDRESS] x ] should be entered,
which refers to the connected drive.
MD30110 $MA_CTRLOUT_MODULE_NR[ n ] = x, refers to:
MD13050 $MN_DRIVE_LOGIC_ADDRESS[ x ]
Note
The machine data is of no significance if the drive is simulated (MD30130
SMA_CTRLOUT_TYPE[ n]=0).
MD30120 $MA_CTRLOUT _NR[n]
Setpoint assignment: Setpoint output on drive module/module
System Value | Meaning
840D sl 1 Modular drive at PROFIBUS / PROFINET with PROFIdrive profile (default)
MD30130 $MA_CTRLOUT_TYPE[ n]
Setpoint output type
System Value | Meaning
840D sl 0 Simulation (operation without drive)
1 Setpoint output active

Basic Functions
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Encoder assignment

The following machine data are relevant for assigning the encoder information of the drive -
transferred in the PROFIdrive telegram - to the encoder inputs of the machine axis:

MD30210 $MA_ENC_SEGMENT_NR[ n ]

Actual value assignment, bus segment

System Value | Meaning

840D sl 5 PROFIBUS-DP / PROFINET

MD30220 $MA_ENC_MODULE_NR[n]

Actual value assignment: Drive module number/measuring circuit number
System Value | Meaning

840D sl X The number of the drive assigned using MD13050

$SMN_DRIVE_LOGIC_ADDRESS] x ] should be entered.

MD30220 $MA_ENC_MODULE_NR] n ] = x, refers to:
MD13050 $MN_DRIVE_LOGIC_ADDRESS][ x ]

MD30230 $MA_ENC_INPUT_NR[n]

Actual value assignment: Input on drive module/measuring circuit module

System Value | Meaning

840D sl X Number of the encoder interface within the PROFIdrive telegram
Examples

PROFIdrive telegram 103

x =1 - 1st encoder interface (G1_ZSW, G1_XIST1, G1_XIST2)
x = 2 - 2nd encoder interface (G2_ZSW, G2_XIST1, G2_XIST2)
PROFIdrive telegram 118

x =1 - 1st encoder interface (G2_ZSW, G2_XIST1, G2_XIST2)
x = 2 - 2nd encoder interface (G3_ZSW, G3_XIST1, G3_XIST2)
Note

For SINAMICS S120:

- encoder 1 (G1_...): Motor encoder

- encoder 2 (G2_...): Direct measuring system

- encoder 3 (G3_...): Additional measuring system

MD30240 $MA_ENC_TYPE[ n ]
Encoder type of the actual value sensing (position actual value)
System Value | Meaning
840D sl 0 Simulation (operation without encoder)
1 Incremental encoder
4 Absolute encoder

Note
Corresponds with PROFIdrive parameter p979
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332 Function Manual, 03/2013, 6FC5397-0BP40-3BA1




G2: Velocities, sefpoint / actual value systems, closed-loop control

6.4 Setpoint/actual-value system

MD30242 $MA_ENC_IS_INDEPENDENT] n, axis ]
Encoder is independent
System Value | Meaning
840D sl 0 The encoder is not independent.
1 The encoder is independent.
If the actual-value corrections, which are made for the encoder selected for the
position control, are not to influence the actual value of the second encoder
defined in the same axis, then this should be declared as independent.
Actual value corrections are:
e - Modulo handling
e - Reference point approach
e - Measuring system alignment
e -PRESET
Example: One axis, 2 encoders, the 2nd encoder is independent
MD30200 $MA_NUM_ENCS[ AX11=2
MD30242 $MA_ENC_IS_INDEPENDENT[ 0, AX1]=0
MD30242 $SMA_ENC_IS_INDEPENDENT[ 1, AX1]=1
Selection, position measuring system 1/2: DB31.DBX1.5/1.6
If encoder 1 is selected for closed-loop position control, then the actual value
corrections are only performed on this encoder, as encoder 2 is independent.
If encoder 2 is selected for position control, then the actual value corrections
are performed on both encoders, as encoder 1 is not independent.
This means that the machine data only has an effect on the passive encoder
of a machine axis.
2 The passive encoder is dependent.
The encoder actual value is changed by the active encoder. In combination
with MD35102 $MA_REFP_SYNC_ENCS = 1, for reference point approach,
the passive encoder is aligned to the active encoder - but is NOT referenced.
In the referencing mode MD34200 $MA_ENC_REFP_MODE = 3 (distance-
coded reference marks) the passive encoder is automatically referenced with
the next traversing motion after passing the zero mark distance. This is done
independent of the actual operating mode setting.
3 The encoder is independent.

For modulo rotary axes, modulo actual value corrections are also performed in
the passive encoder.

Basic Functions
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Note
Machine data index [ n ]

The machine data index [ n ] for encoder assignment has the following meaning:

e n = 1: Second encoder assigned to the machine

The assignment is made using machine data:
MD30220$MA_ENC_MODULE_NR[ n ]
MD30230$MA_ENC_INPUT_NR[ n]

n = 0: The first encoder assigned to the machine axis

axis

6.4.3 Adapting the motor/load ratios

Gear types

The following gear types are available for adapting the mechanical ratios:

Gear type Activation Adaptation Installation location
Motor/load gear Parameter set Fixed configuration | Gear unit
Measuring gear encoder Power ON Sensor-dependent | Sensor-side

Load intermediate gear unit | NewConfig Load-dependent Tool-side

Local position of gear unit/encoder

Load-side encoder
ENC_IS_DIRECT=1
+ENC_IS_DIRECT2=0

’

Motor-side encoder
ENC_IS_DIRECT=0
+ENC_IS_DIRECT2=0

’

’

Tool-side encoder
ENC_IS_DIRECT=1
+ENC_IS_DIRECT2=1

’
’

’
\

@ \

‘ Tool \

Powered tools

RATIO2_NUMERA No. of load revs

Motor/load Intermediate
gear gear
DRIVE_AX_|
DRIVE_AX_|
DRIVE_AX_RATIO_NUMERA

RATIO2_DENOM No. of tool revs

No. of motor revs

DRIVE_AX_RATIO_DENOM

No. of load revs

Figure 6-2  Gear unit types and encoder locations
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Motor/load gear
The motor/load gear supported by SINUMERIK is configured via the following machine data:
MD31060 $MA_DRIVE_AX_RATIO_NUMERA (numerator load gearbox)
MD31050 $MA_DRIVE_AX_RATIO_DENOM (denominator load gearbox)

The transmission ratio is obtained from the numerator/denominator ratio of both machine
data. The associated parameter sets are used automatically as default by the controller to
synchronize the position controller with the relevant transmission ratios.

Since a gear stage change is not always carried out automatically, and there are also
several ways to request a gear stage change, the position controller is not always
incorporated via parameter sets.

Note

For further information about the parameter sets for gear stage change, see Section "S1:
Spindles (Page 1225)".

Intermediate gear
Additional, configurable load intermediate gears are also supported by the controller:
MD31066 $MA_DRIVE_AX_RATIO2_NUMERA (intermediate gear numerator)
MD31064 $MA_DRIVE_AX_RATIO2_DENOM (intermediate gear denominator)

Power tools generally have their "own" intermediate gear. Such variable mechanics can be
configured by multiplying the active intermediate gearbox and the motor/load gearbox.

/\CAUTION

Different gearbox transmission ratios for switching

Unlike the motor/load gear, there is no parameter set for the intermediate gear and,
therefore, no way of controlling the time-synchronized switchover to the part program or
PLC (NC/PLC interface). Part programming during gear change is, therefore, ruled out. It
remains the task of the user to match the synchronization of the relevant changed machine
data to the corresponding mechanical switchover and activate it. On switchover during a
motion, compensations cannot be ruled out due to jumps in the scaling factors. These are
not monitored for violation of the maximum acceleration.

Encoder directly at the tool

Another connection option is possible for a "tool-side encoder" on the intermediate gear, by
configuring machine data:

MD31044 $MA_ENC_IS_DIRECT2

Basic Functions
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Encoder not directly at the tool

The following supplementary conditions apply to a gear change of the intermediate gear in
position-control mode:

® The gear ratio to be changed is incorporated in a re-scaling of the encoder information in
this case.

In this case, the following applies to axes/spindles in positioning mode:
e A non-abrupt gear change is only possible at zero speed.

To do this, the tool-side position before and after a gear change are set equal for a
change in the ratio, since the mechanical position does not (or hardly) change during a
gear stage change.

Recommendation:

To avoid 21612 "Controller enable reset during motion", changeover should be carried
out "only at zero speed". It is still permissible and expedient to switch the axis or spindle
to speed-control or follow-up mode before or during a gear change.

Boundary conditions

If the encoder to be used for position control is connected directly at the tool, the gear stage
change only affects the physical quantities at the speed interface between the NC and the
drive of the motor/load gear. The internal parameter sets are not changed.

Reference point and position reference

/\CAUTION

Loss of the position reference

The controller cannot detect all possible situations that can lead to loss of the machine
position reference. Therefore, it is the responsibility of the commissioning engineer or user
to initiate explicit referencing of zero marker synchronization in such cases.

In the case of gear changes, it is not possible to make a statement about the effect of the
reference point or machine position reference on the encoder scaling. In such cases, the
controller partially cancels the status "Axis referenced/synchronized".

Basic Functions
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If the position reference to the machine, tool, etc., has been lost, it must first be restored
through appropriate adjustment or referencing of the lost reference point. This is especially
important for the functions Travel to fixed stop, Referencing to Bero, Cam and Zero marker.

Note

In order to permit new referencing without an interrupting RESET,
machine data:

MD34080 $MA_REFP_MOVE_DIST

and

MD34090 $MA_REFP_MOVE_DIST_CORR

are changed over to NewConfig effectiveness.

For further explanations, see Section "R1: Referencing (Page 1173)".

6.4.4 Speed setpoint output

Control direction and travel direction of the feed axes
You must determine the travel direction of the feed axis before starting work.
Control direction

Before the position control is started up, the speed controller and current controller of the
drive must be started up and optimized.

Travel direction

With the machine data:

MD32100 $MA_AX_MOTION_DIR (travel direction),
the direction of motion of the axis can be reversed,

without affecting the control direction of the position control.

Speed setpoint adjustment
SINUMERIK 840D sl

In the case of speed setpoint comparison, the NC is informed which speed setpoint
corresponds to which motor speed in the drive, for parameterizing the axial control and
monitoring. This comparison is carried out automatically.

For PROFIBUS DP drives, alternatively, the manual speed setpoint comparison is also
possible.
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e Manual comparison
In the machine data:
MD32250 $MA_RATED_OUTVAL

a value not equal to zero is entered.

Note
Velocity adjustment and maximum speed setpoint

Owing to the automatic speed setpoint comparison a velocity adjustment is not necessary
for SINUMERIK 840D sl!

Maximum speed setpoint

338

For SINUMERIK 840D sl, the maximum speed setpoint is defined as a percentage. 100%
means maximum speed setpoint or maximum speed for PROFIdrive drives (manufacturer-
specific setting parameters in the drive, e.g. p1082 for SINAMICS).

The output of the spindle speed is implemented in the NC for SINUMERIK 840D sl.
Data for five gear stages are realized in the controller.

These stages are defined by a minimum and maximum speed for the stage itself and by a
minimum and maximum speed for the automatic gear stage changeover. A new set gear
stage is output only if the new programmed speed cannot be traversed in the current gear
stage.

With the machine data:

MD36210 $MA_CTRLOUT_LIMIT[n] (maximum speed setpoint)
the speed setpoint is restricted percentage-wise

Values up to 200% are possible.

When the speed is exceeded, an alarm is generated.

Nnget = Speed setpoint

[} Max. speed setpoint
MD36210 CTRLOUT_LIMIT

Max. axis velocity
MD32000 MAX_AX_VELO

525% { |

>t [s]

Figure 6-3  Maximum speed setpoint
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However, due to control processes, the axes should not reach their maximum velocity
(MD32000 $MA_MAX_AX_VELO) at 100% of the speed setpoint, but at 80% to 95%.

In case of axes, whose maximum speed is attained at around 80% of the speed setpoint
range, the default value (80%) of the machine data:

MD32000 $MA_MAX_AX_VELO (maximum axis velocity)

can be taken over.

6.4.5 Actual-value processing

Actual-value resolution

In order to be able to create a correctly closed position control loop, the control system must
be informed of the valid actual-value resolution. The following axis-specific machine data is
used for this purpose, which is partially specified from the drive (MD31000, 31010, 31020,
31025).

The controller calculates the actual-value resolution based on the machine data. The control
parameter sets of the position control are identified as servo parameter sets.

The machining process of the machine forms the basis of the position actual-value

acquisition.
Direct measuring system (DM) is on machine directly: Load-side encoder
Indirect measuring system (IM) is on motor indirectly: Motor-side encoder

Depending on the type of axis (linear axis, rotary axis) and the type of actual-value
acquisition (directly at the machine, indirectly at the motor), the following machine data must
be parameterized to calculate the actual-value resolution:

Machine data Linear axis Linear axis Rotary axis
Linear scale/ Encoder Encoder Encoder | Encoder
or as direct on on on on
measuring motor machine motor machine
system and/or tool and/or tool
MD30300 $MA_IS_ROT_AX 0 0 0 1 1
MD31000 $MA_ENC_IS_LINEAR[N] 1 0 0 0 0
MD31010 $MA_ENC_GRID_POINT_DIST[n] Spacing - - - -
MD34320 $MA_ENC_INVERS|n] . - - - -
MD31040 $MA_ENC_IS_DIRECT[n] -1 0 1 0 1
MD31044 $MA_ENC_IS_DIRECTZ2[n] -/1 0 1 0 1
MD31020 $MA_ENC_RESOL][n] - Pulses/ Pulses/ Pulses/r | Pulses/
rev rev ev rev
MD31025 $MA_ENC_PULSE_MULT[n] Encoder multiplication
MD31030 $MA_LEADSCREW_PITCH - mm/rev. mm/rev. - -
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6.4 Setpoint/actual-value system

Machine data Linear axis Linear axis Rotary axis
Linear scale/ Encoder Encoder Encoder | Encoder
or as direct on on on on
measuring motor machine motor machine
system and/or tool and/or tool
MD31050 $MA_DRIVE_AX_RATIO_DENOMIn] - Load -/1 Load [
rev. rev.
MD31060 $MA_DRIVE_AX_RATIO_NUMERA[N] - Motor -/1 Motor [
rev. if rev.
infeed
gear
available
MD31070 $MA_DRIVE_ENC_RATIO_DENOM][n] - Encoder Encoder Encoder | Encoder
rev. rev. rev. rev.
MD31080 $MA_DRIVE_ENC_RATIO_NUMERA[N] - Motor- Motor Motor Load
side rev. rev. rev.
encoder*

- = Does not apply to this combination

measuring gear unit.

The transmission ratio is always 1:1.

The encoder on the motor side is a built-in encoder and, therefore, does not have a

. For distance-coded measuring systems

o These machine data are not required for encoder matching (path evaluation).
However, they must be entered correctly for the setpoint calculation! Otherwise the
required servo gain factor (Kv) will not be set. The load revolutions are entered into
machine data MD31050 $MA_DRIVE_AX_RATIO_DENOM and the motor revolutions
in machine data MD31060 $MA_DRIVE_AX_RATIO_NUMERA.

Machine data

Encoder-dependent machine data

Meaning_;

MD31000 $MA_ENC_IS_LINEAR[n]

Direct measuring system linear scale

MD31044 $MA_ENC_IS_DIRECT2[n]

Encoder on intermediate gear

MD31070 $MA_DRIVE_ENC_RATIO_DENOMIn]

Measuring gear denominator

MD31080 $MA_DRIVE_ENC_RATIO_NUMERA[N]

Measuring gear numerator

MD31010 $MA_ENC_GRID_POINT_DIST[n]

Distance between reference marks on linear scales

MD31020 $MA_ENC_RESOL[n]

Encoder pulses per revolution
for rotary encoder

MD31040 $MA_ENC_IS_DIRECT[n]

Encoder is connected directly at the machine

MD34080 $MA_REFP_MOVE_DIST [n]

Reference point approach distance

MD34090 $MA_REFP_MOVE_DIST_CORR[n]

Reference point offset

MD34320 $MA_ENC_INVERS|n]

Length measuring system is in the opposite sense

n: Encoder index, with n =0, 1, ... (1st encoder, 2nd encoder, etc.)
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6.4 Setpoint/actual-value system

Parameter-set-dependent machine data Meaning

MD31050 $MA_DRIVE_AX_RATIO_DENOM[m] Denominator load gearbox
MD31060 $MA_DRIVE_AX_RATIO_NUMERA[m] Numerator load gearbox
m: Parameter set index, with m = 0, 1, ... (1st parameter set, 2nd parameter set, etc.)

Encoder and parameter set-independent machine data Meaning
MD30200 $MA_NUM_ENCS Number of encoders
MD30300 $MA_IS_ROT_AX Rotary axis
MD31030 $MA_LEADSCREW_PITCH Leadscrew pitch
MD31064 $MA_DRIVE_AX_RATIO2_DENOM Intermediate gear denominator
MD31066 $MA_DRIVE_AX_RATIO2_NUMERA Intermediate gear numerator
MD32000 $MA_MAX_AX_VELO Maximum axis velocity
Note

Machine data with NEWCONFIG effectiveness criterion can be activated either in the part
program with the command ~ewconr or via the user interface by pressing a softkey.

6.4.6 Actual-value resolution

6.4.6.1 Description of the function

The ratio of control-internal computational resolution to the actual-value resolution is an
indication of how exactly the values calculated by the control system can be implemented on

the machine.
Linear axes
Computational resolution  Internal increments/(mm)
Actual-value resolution " Encoder increments/(mm)
Rotary axes
Computational resolution ~ Internal increments/(degrees)
Actual-value resolution " Encoder increments/(degrees)
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6.4 Setpoint/actual-value system

Relevant machine data for the actual-value resolution

The actual-value resolution results from the design of the machine, whether gearboxes are
available and their gear ratio, the leadscrew pitch for linear axes and the resolution of the
encoder being used. The following machine data must be set for this on the control system:

Number | Identifier SMA_ Meaning

30300 IS_ROT_AX Axis is a rotary axis / spindle

31000 ENC_IS_LINEAR]N] Measuring system is a linear scale

31010 ENC_GRID_POINT_DIST Distance between reference marks of the linear
scale

31020 ENC_RESOL[n] Encoder pulses per revolution

31025 ENC_PULSE_MULTIN] Encoder multiplication (high resolution)

31030 LEADSCREW_PITCH Leadscrew pitch

31040 ENC_IS_DIRECTI[n] Direct or indirect measuring system

31044 ENC_IS_DIRECTZ2[n] Encoders installed at the attached gearbox

31050 DRIVE_AX_RATIO_DENOM[m] Denominator load gearbox

31060 DRIVE_AX_RATIO_NUMERA[mM] Numerator load gearbox

31064 DRIVE_AX_RATIO2_DENOM Denominator of attached gearbox

31066 DRIVE_AX_RATIO2_NUMERA Numerator of attached gearbox

31070 DRIVE_ENC_RATIO_DENOMInN] Measuring gearbox denominator

31080 DRIVE_ENC_RATIO_NUMERA[N] Measuring gearbox numerator

n: Encoder index, with n =0, 1, ... (1st encoder, 2nd encoder, etc.)

m: Parameter set index, with m = 0, 1, ... (1st parameter set, 2nd parameter set, etc.)

Relevant machine data for the computational resolution

The computational resolution, i.e. the resolution with which all the path-related data is
calculated in the control system, must be set separately for linear and rotary axes via the
following machine data:

Number | Identifier SMA _ Meaning
10200 INT_INCR_PER_MM Computational resolution for linear positions
10210 INT_INCR_PER_DEG Computational resolution for angular positions

Recommended setting

The above components and settings that are responsible for the actual-value resolution,
should be selected so that the actual-value resolution is higher than the parameterized
computational resolution.

Computational resolution

<
Actual-value resolution

Basic Functions
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6.4 Setpoint/actual-value system

6.4.6.2 Example: Linear axis with linear scale

MD30300 IS_ROT_AX =0

Table |

M { | Ball screw

\ ]
Linear scale

Load gear

—& MD30300 ENC_IS_LINEAR=1
MD31010 ENC_GRID_POINT_DIST (linear encoder)
MD34320 ENC_INVERS (in the opposite direction)

Figure 6-4 Linear axis with linear scale

The ratio of the internal increments to the encoder increments per mm is calculated as

follows:
Internal increments / mm ENC_GRID_POINT_DIST [n] * INT_INCR_PER_MM
Encoder increments /mm - ENC_PULSE_MULT[n]
6.4.6.3 Example: Linear axis with rotary encoder on motor
ENC_IS_LINEAR_=0 IS_ROT_AX=0
"Encoder ENC_IS_LINEAR =0
‘ - Table |
G - M E — ] Ball screw
L TR
eas. \ 4 oa N
gear “|;/| t gear NSpindle Le LEADSCREW_PITCH
otor
ENC_RESOL DRIVE_AX_RATIO_NUMERA _ No. of motor revs.
DRIVE_AX_RATIO_DENOM  No. of spindle revs
DRIVE_ENC_RATIO_NUMERA  Number of motor revolutions
DRIVE_ENC_RATIO_DENOM ~ Number of encoder revolutions

Figure 6-5 Linear axis with rotary encoder on motor

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1 343



G2: Velocities, selpoint / actual value systems, closed-loop control

6.4 Setpoint/actual-value system

Example
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The ratio of the internal increments to the encoder increments per mm is calculated as

follows:

Internal increments / mm 1

Encoder increments / mm

ENC_RESOL [n] * ENC_PULSE_MULTI[n]

DRIVE_ENC_RATIO_NUMERA [n]

DRIVE_ENC_RATIO_DENOM [n]

DRIVE_AX_RATIO_DENOM [n]

* LEADSCREW_PITCH

* INT_INCR_PER_MM

DRIVE_AX_RATIO_NUMERA [n]

Assumptions:

® Rotary encoder on the motor: 2048 pulses/revolution
® |nternal pulse multiplication: 2048

® Gearbox, motor / ball screw: 5:1

® | eadscrew pitch: 10 mm/revolution

® Computational resolution: 10000 increments per mm

Machine data Value
MD30300 $MA_IS_ROT_AX 0
MD31000 $MA_ENC_IS_LINEAR][O0] 0
MD31040 $MA_ENC_IS_DIRECT[0] 0
MD31020 $MA_ENC_RESOL[0] 2048
MD31025 $MA_ENC_PULSE_MULT 2048
MD31030 $MA_LEADSCREW_PITCH 10
MD31080 $MA_DRIVE_ENC_RATIO_NUMERA[O0] 1
MD31070 $MA_DRIVE_ENC_RATIO_DENOM]J0] 1
MD31060 $MA_DRIVE_AX_RATIO_NUMERA[0] 5
MD31050 $MA_DRIVE_AX_RATIO_DENOMI[O] 1
MD10210 $SMN_INT_INCR_PER_DEG 10000

Function Manual
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6.4 Setpoint/actual-value system

Internal increments/mm

1

Encoder increments/mm

L
15

2048 * 2048

*10 mm * 10000 incr./mm = 0.004768

An encoder increment corresponds to 0.004768 internal increments or 209.731543 encoder
increments correspond to an internal increment.

6.4.6.4

Example: Linear axis with rotary encoder on the machine

IS_ROT_AX=0

Table

ENC_IS_DIRECT=1
ENC_IS_LINEAR=0

M {
Load
gear

DRIVE_ENC_RATIO_NUMERA
DRIVE_ENC_RATIO_DENOM

(o
] G
w Ball screw I T ENC_RESOL

LEADSCREW_PITCH

— No. of spindle revs
No. of encoder revs

Meas.

T

|

|

|

|

|
NSpindle |  MEncoder

Figure 6-6

Linear axis with rotary encoder on the machine

The ratio of the internal increments to the encoder increments per mm is calculated as

follows:

Internal increments / mm

1

Encoder increments / mm

ENC_RESOL [n] * ENC_PULSE_MULTI[n]

DRIVE_ENC_RATIO_NUMERA [n]
DRIVE_ENC_RATIO_DENOM [n]

* LEADSCREW_PITCH

* INT_INCR_PER_MM
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6.4 Setpoint/actual-value system

6.4.6.5 Example: Rotary axis with rotary encoder on motor
ENC_IS_LINEAR=0
ENC_IS_DIRECT=0
n IS_ROT_AX=1
, Load
®/— Rotary table
Npgos DRIVE_AX_RATIO_NUMERA No. of motor revs
ENC RESOL Motor W = =
C_RESO DRIVE_AX_RATIO_DENOM No. of load revs
Resolver gearing Load gear
DRIVE_ENC_RATIO_NUMERA _ Number of motor revolutions
DRIVE_ENC_RATIO_DENOM ~ Number of encoder revolutions

Figure 6-7  Rotary axis with rotary encoder on motor

The ratio of the internal increments to the encoder increments per degree is calculated as

follows:

Internal increments / degrees 360 degrees
Encoder increments / degrees ENC_RESOL [n] * ENC_PULSE_MULTIn]
DRIVE_ENC_RATIO_NUMERA [n]
DRIVE_ENC_RATIO_DENOM [n]
DRIVE_AX_RATIO_DENOM [n]
DRIVE_AX_RATIO_NUMERA [n]
* INT_INCR_PER_DEG
Basic Functions
346 Function Manual, 03/2013, 6FC5397-0BP40-3BA1




G2: Velocities, sefpoint / actual value systems, closed-loop control

Example
Assumptions:

6.4 Setpoint/actual-value system

Rotary encoder on the motor: 2048 pulses/revolution
Internal pulse multiplication: 2048
Gearbox, motor / rotary axis: 5:1

Computational resolution: 1000 increments per degree

Machine data Value
MD30300 $MA_IS_ROT_AX 1
MD31000 $MA_ENC_IS_LINEAR(O] 0
MD31040 $MA_ENC_IS_DIRECTI[O0] 0
MD31020 $MA_ENC_RESOL]0] 2048
MD31025 $MA_ENC_PULSE_MULT 2048
MD31080 $MA_DRIVE_ENC_RATIO_NUMERAJ[0] 1
MD31070 $MA_DRIVE_ENC_RATIO_DENOM][0] 1
MD31060 $MA_DRIVE_AX_RATIO_NUMERA[0] 5
MD31050 $MA_DRIVE_AX_RATIO_DENOMI0] 1
MD10210 $MN_INT_INCR_PER_DEG 1000

Internal increments/degrees

360 degrees

Encoder increments/degrees

1 1
T 204872048 1 B

*1000 incr./degrees = 0.017166

An encoder increment corresponds to 0.017166 internal increments or 58.254689 encoder
increments correspond to an internal increment.
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6.4 Setpoint/actual-value system

6.4.6.6 Example: Rotary axis with rotary encoder on the machine
NLoad
Rotary table ENC_IS_DIRECT=1

NEncoder
- ENC_RESOL
@\ ENC_IS_LINEAR_=0

DRIVE_ENC_RATIO_NUM

O3S

IS_ROT_AX=1

_ No. of load revs

Load gear Resolver gearing

DRIVE_ENC_RATIO_DENOMERA ~ No. of encoder revs

Figure 6-8 Rotary axis with rotary encoder on the machine

The ratio of the internal increments to the encoder increments per degree is calculated as

follows:

Internal increments / degrees 360 degrees

Encoder increments / degrees B ENC_RESOL [n] * ENC_PULSE_MULT[nN]

DRIVE_ENC_RATIO_NUMERA [n]

DRIVE_ENC_RATIO_DENOM [n]
* INT_INCR_PER_DEG

Basic Functions
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6.4 Setpoint/actual-value system

6.4.6.7 Example: Intermediate gear with encoder on the tool
DRIVE_AX_RATIO2_NUMERA No. of load revs
DRIVE_AX_RATIO2_DENOM No. of spindle revs
ENC_IS_DIRECT=0
+ENC_IS_DIRECT2=1 Mool
R Rotating tool
G M |— } Tool \
: Meas. . Load Intermediate gear
. gear N o ’ gear
Encoder "Motor ENC_IS_DIRECT=1 ENC_IS_DIRECT=1
ENC RESOL +ENC_IS_DIRECT2=0 +ENC_IS_DIRECT2=1
DRIVE_AX _RATIO_NUMERA _ No. of motor revs
DRIVE_AX_RATIO_DENOM No. of spindle revs
DRIVE_ENC RATIO NUMERA Number of motor revolutions
DRIVE_ENC_RATIO_DENOM Number of encoder revolutions
Figure 6-9  Intermediate gear with encoder directly on the rotating tool

The ratio of the internal increments to the encoder increments per degree is calculated as

follows:

Internal increments / degrees

360 degrees

Encoder increments / degrees

ENC_RESOL [n] * ENC_PULSE_MULT[n]

DRIVE_ENC_RATIO_NUMERA [n]
DRIVE_ENC_RATIO_DENOM [n]

* INT_INCR_PER_DEG
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6.5 Closed-loop control
6.5 Closed-loop control
6.5.1 General

Position control of an axis/spindle

The closed-loop control of an axis consists of the current and speed control loop of the drive
plus a higher-level position control loop in the NC.

The basic structure of an axis/spindle position control is illustrated below:

MD32400 $MA_AX_JERK_ENABLE

MD32402 $MA_AX_JERK_MODE MD32890 $MA_DESVAL_DELAY_ENABLE
MD32410 $MA_AX_JERK_TIME MD32895 $MA_DESVAL_DELAY_TIME MD32200 $MA_POSCTRL_GAINI[n]
' L
Fine Jerk Dynamic Phase filter Feedforward Closed-loop Speed-
—®interpolation | imiting | response L | control 1 control 1 setpoint -
adaptation processing

MD32500 $MA_FRICT_COMP_ENABLE *

MD33000 $MA_FIPO_TYPE  MD32900 $MA_DYN_MATCH_ENABLE
MD32100 $MA_AX_MOTION_DIR

MD32910 $MA_DYN_MATCH_TIME[n]

F——————m M|

| 1S

: Position measurement

1 system 1/2

: -t ‘ Actual value
MD32620 $MA_FFW_MODE - processing
MD32630 $MA_FFW_ACTIVATION_MODE
MD32610 $MA_VELO_FFW_WEIGHT[n]
MD32650 $SMA_AX_INERTIA MD32110 $MA_ENC_FEEDBACK_POL[n]
MD32652 $MA_AX_MASS MD32700 $MA_ENC_COMP_ENABLE[n]
MD32810 $MA_EQUIV_SPEEDCTRL_TIME[n] MD32450 $MA_BACKLASH[n]
MD32800 $MA_EQUIV_CURRCTRL_TIME[n] MD32452 $MA_BACKLASH_FACTORI[n]

Figure 6-10 Principle representation of the setpoint processing and closed-loop control

For information on the jerk limitation, see Section "B2: Acceleration (Page 231)".

For a description of the feedforward control, backlash, friction compensation, and leadscrew
error compensation.

References:
Function Manual Extended Functions; Compensations (K3)
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6.5 Closed-loop control

Fine interpolation

Using the fine interpolator (FIPO), the contour precision can be further increased by reducing
the staircase effect in the speed setpoint. You can set three different types of fine
interpolation:

MD33000 $MA_FIPO_TYPE = <FIPO mode>

<FIPO mode> Meaning_;

1 Differential fine interpolation with mean value generation (smoothing) over an IPO
cycle
2 Cubic fine interpolation

Cubic fine interpolation optimized for use with the pre-control for the highest
contour precision

Servo gain factor

In order that few contour deviations occur in the continuous-path mode, a high servo gain
factor (Kv) is necessary:

MD32200 $MA_POSCTRL_GAIN[n]

However, if the servo gain factor (Kv) is too high, instability, overshoot and possibly
impermissible high loads on the machine will result.

The maximum permissible servo gain factor (Kv) depends on the following:
® Design and dynamics of the drive
(rise time, acceleration and braking capacity)
® Machine quality
(elasticity, oscillation damping)
® Position control cycle or speed control cycle for active DSC

The servo gain factor (Kv) is defined as follows:

Velocity ~ [m/min]

KV =
Following error ~ [mm]

Dynamic response adaptation

Axes that interpolate with one another, but with different Ky factors can be set to the same
following error using the dynamic adaptation function. This allows an optimum contour
accuracy to be achieved without loss of control quality by reducing the K. factors to the
dynamically weakest axis.

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1 351



G2: Velocities, selpoint / actual value systems, closed-loop control

6.5 Closed-loop control

The function is activated via:
MD32900 $MA_DYN_MATCH_ENABLE = 1 (dynamic response adaptation)

The dynamic response adaptation is realized by entering a new equivalent time constant. It
is calculated from the difference in the equivalent time constant of the dynamically weakest
axis and the axis to be adapted:

MD32910 $MA_DYN_MATCH_TIME [n] = <difference in the equivalent time constant>

Step response

of the
position control Axis 2 equivalent time
loop
Axis 1
equivalent MD32910
time $MA_DYN_MATCH_TIME
Axis 1 with high servo gain
and dynamic-response adaptation
Axis 1 with T
high servo =
gain =
” Axis 2 with low servo gain
Tt
Figure 6-11 Dynamic response adaptation

352

Example of a dynamic response adaptation of three axes without speed feedforward control

The equivalent time constant of the position control loop is:

Axis 1: 30 ms
Axis 2: 20 ms
Axis 3: 24 ms

With an equivalent time constant of 30 ms, axis 1 is the dynamically weakest axis.

This results in the following new equivalent time constants for the axes:

Axis 1: MD32910 $MA_DYN_MATCH_TIME =0 ms
Axis 2: MD32910 $MA_DYN_MATCH_TIME = 30 ms - 20 ms = 10 ms
Axis 3: MD32910 $MA_DYN_MATCH_TIME = 30 ms - 24 ms = 6 ms

Basic Functions
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6.5 Closed-loop control

Approximation formulas for the equivalent time constant of the position control loop of an axis

6.5.2

Machine data

Basic Functions

The equivalent time constant Tequiv Of the position control loop of an axis is approximately
calculated depending on the type of feedforward control:

e Without feedforward control:

1
T =
Spares MD32200 POSCTRL_GAIN [1/s]

® \With speed feedforward control:

T = MD32810 EQUIV_SPEEDCTRL_TIME

Spares

® For combined torque/speed feedforward control

T = MD32800 EQUIV_CURRCTRL_TIME

Spares

Note

If dynamic response adaptation is realized for a geometry axis, then all other geometry axes
must be set to the same dynamic response.

References:
Commissioning Manual CNC: NCK, PLC, Drives

Parameter sets of the position controller

Six parameter sets per machine axis are available to quickly adapt the position control to the
changed machine properties during operation, e.g. a gear change of the spindle, or to adjust
the dynamic response to another axis, e.g. during tapping.

A parameter set comprises the following machine data:

Number | Identifier SMA_ Meaning_]

31050 | DRIVE_AX_RATIO_DENOM Denominator load gearbox
31060 |DRIVE_AX_RATIO_NUMERA Numerator load gearbox
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Number | Identifier SMA_ Meaning

32200 |POSCTRL_GAIN Servo gain factor

32452 | BACKLASH_FACTOR Backlash compensation

32610 | VELO_FFW_WEIGHT Feedforward control factor

36012 | STOP_LIMIT_FACTOR Exact stop coarse/fine factor and zero speed

32800 |EQUIV_CURRCTRL_TIME Equivalent time constant, current control loop for
feedforward control

32810 | EQUIV_SPEEDCTRL_TIME Equivalent time constant, speed control loop for feed
forward control

32910 |DYN_MATCH_TIME Time constant for dynamic response adaptation

36200 |AX_VELO_LIMIT Threshold value for velocity monitoring

Tapping, thread cutting
For tapping or thread cutting, the following applies with regard to the parameter sets of axes:

® For machine axes that are not involved in tapping or thread cutting, parameter set 1
(index = 0) is active. The other parameter sets do not have to be taken into account.

® For machine axes that are involved in tapping or thread cutting, the same parameter set
number as that of the current gear stage of the spindle is active.

All parameter sets correspond to the gear stages and must therefore be parameterized.
The current parameter set is displayed on the user interface at:

"Operating area switchover" > "Diagnostics" > "Service axis"

Parameter sets during gear stage change

Each gear stage of a spindle is assigned a separate parameter set. The gear stage is
selected via the following NC/PLC interface signal:

DB31, ... DBX16.0 - 16.2 = <actual gear stage>

Actual gear stage DB31, ... DBX16.0 - 16.2 Parameter set
1. Gear stage 000 2 (Index=1)
1. Gear stage 001 2 (Index=1)
2. Gear stage 010 3 (Index=2)
3. Gear stage 011 4 (Index=3)
4. Gear stage 100 5 (Index=4)
5. Gear stage 101 6 (Index=5)
110
111

For further information on gear stages for spindles, see Section "S1: Spindles (Page 1225)".
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6.6

6.6.1

Function

Activation

6.6 Optimization of the confrol

Optimization of the control

Position controller, position setpoint filter: Balancing filter

With feedforward control active, the position setpoint is sent through a socalled balancing
filter before it reaches the controller itself. It is thus possible to control the speed setpoint to
100% in advance, without resulting in overshoots when positioning.

The feedforward control variant is selected and so also the filter activated using the axis-
specific machine data:

MD32620 $MA_FFW_MODE (feedforward control mode)

Value Meaning_)

3 Speed precontrol

4 Combined torque/speed precontrol

Activating and deactivating via the part program

Parameterization

Basic Functions

Part programs can be used to activate and deactivate the feedforward control for all axes,
using commands rrwon and FFWOEF.

If the feedforward control of the individual axes should not be influenced by rrwon/Frwor, the
setting in the following machine data must be changed for these axes:

MD32630 $MA_FFW_ACTIVATION_MODE (activate feedforward control from program)

Recommended setting in case of recommissioning

If recommissioning, or if default values have been loaded (switch position 1 on
commissioning switch and POWER ON), the following machine data default values apply:

MD32620 $MA_FFW_MODE = 3

MD32610 $MA_VELO_FFW_WEIGHT (feedforward control factor for the velocity
feedforward control) = 1

The balancing time for the speed feedforward control then just has to be adjusted in the
following machine data:

MD32810 $MA_EQUIV_SPEEDCTRL_TIME (equivalent time constant speed control loop for
feedforward control)
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Setting the equivalent time constant of the speed control loop (MD32810)

We recommend that the axis be allowed to move in and out in "AUTOMATIC" mode with a
part program and that travel-in to the target position, i.e. the actual position value of the
active measuring system, be monitored with the servo trace.

The initial value for setting is the time constant of the speed control loop. This can be read
from the reference frequency characteristic of the speed control loop. In the frequent case of
a Pl controller with speed setpoint smoothing, an approximate equivalent time can be read
from drive machine data p1414, p1415, p1416 and p1421.

This start value (e.g. 1.5 ms) is now entered:
MD32810 $MA_EQUIV_SPEEDCTRL_TIME = 0.0015

The axis then travels forward and backward and the operator monitors a greatly-magnified
characteristic of the actual position value at the target position.

The following rules apply to making manual fine adjustments:

Overshoot monitored: - Increase MD32810.
Excessively slow approach - Reduce MD32810.
monitored:

Increasing MD32810

Increasing the value of MD32810 slows the axis down and increases the geometric contour
error on curves to some degree.

It has a similar effect to reducing the position controller gain:
MD32200 $MA_POSCTRL_GAIN

This can also be observed in the Diagnostics area in the "Axis Service" screen form based
on the servo gain value calculated.

Reducing MD32810
Reducing the value of MD32810 accelerates the axis.

Therefore, MD32810 should be assigned as small a value as possible, with the overshoot
setting the limit during positioning.

MD32810 fine adjustment

Experience has shown that the initial value is only modified slightly during fine adjustment,
typically by adding or deducting 0.25 ms.

For example, if the initial value is 1.5 ms, the optimum value calculated manually is usually
within the range 1.25 ms to 1.75 ms.

In the case of axes equipped with direct measuring systems (load encoders) and strong
elasticity, you may possibly accept small overshoots of some micrometers.
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These can be reduced with the help of the position setpoint filter for dynamic response
adaptation (MD32910 $SMA_DYN_MATCH_TIME) and for jerk (MD32410
SMA_AX_JERK_TIME), which also reduces the axis speed.

Identical axis data within an interpolation group

All the axes within an interpolation group should have identical settings in the following data:
MD32200 $MA_POSCTRL_GAIN (adapted using MD32910)

MD32620 $MA_FFW_MODE

MD32610 $MA_VELO_FFW_WEIGHT

MD32810 $MA_EQUIV_SPEEDCTRL_TIME (or MD32800 $MA_EQUIV_CURRCTRL_TIME)
(dependent on the mechanical system and drive)

MD32400 $MA_AX_JERK_ENABLE
MD32402 $MA_AX_JERK_MODE
MD32410 $MA_AX_JERK_TIME

The servo gain display (Kv) in the "Axis service" screen form is used for checking.

Non-identical axis data within an interpolation group

If identical values are not possible for the above data, the following machine data can be
used to make an adjustment:

MD32910 $MA_DYN_MATCH_TIME (time constant of dynamic response adaptation)
This allows the same servo gain value (Kv) to be displayed.

Different servo gain display values (Kv) usually point to the following:

® The gear ratios do not match in one or several axes.

® The feedforward control setting data does not match.

Setting the equivalent time constant of the current control loop (MD32800)
The activation of the torque feedforward control filter is performed with:
MD32620 $MA_FFW_MODE = 4

The same rules and recommendations apply to setting the time constant of the current
control loop MD32800 $MA_EQUIV_CURRCTRL_TIME as to the speed feedforward control.

Basic Functions
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6.6 Optimization of the control

Limitation to stiff machines

Experience has shown that this expenditure is only worthwhile in the case of very stiff
machines, and requires appropriate experience. The elasticities of the machine are often
excited due to the injection of the torque so strongly that the existing vibrations neutralize the
gain in contour accuracy.

In this case, it would be worth trying Dynamic Stiffness Control (DSC) as an alternative:
MD32640 $MA_STIFFNESS_CONTROL_ENABLE =1

Note

If DSC is to be activated (MD32640 = 1), no parameters may be assigned for actual-value
inversion in the NC (MD32110 $MA_ENC_FEEDBACK_POL = -1). Otherwise, error 26017
occurs.

In DSC mode, actual-value inversion may only be undertaken in the drive (SINAMICS
parameter p0410).

Control response with POWER ON, RESET, REPOS, etc.

6.6.2

Function

358

In the case of POWER ON and RESET, as well as with "Enable machine data", the setting
data of the feedforward control is read in again (see the appropriate values of the machine
data).

Mode change, block search and repositioning have no influence on the feedforward control.

Position controller, position setpoint filter: Jerk filter

In some applications, such as when milling sculptured surfaces, it can be advantageous to
smooth the position setpoint curves using the jerk filter to obtain better surfaces by reducing
the excitations of machine vibrations. The filter effect of the position setpoints must be as
strong as possible without impermissibly affecting contour accuracy. The smoothing behavior
of the filter must also be as "symmetrical" as possible, i.e. if the same contour was to be
traversed both forward and backward, the characteristic rounded by the filter should be as
similar as possible in both directions.

The effect of the filter can be monitored by means of the effective servo gain factor (Kv),
which is displayed on the "Axis service" screen form. The filtering effect rounds the position
setpoints slightly, thus reducing the path accuracy so that with increasing filter time a smaller
effective servo gain factor (Kv) is displayed.

Note

The jerk filter creates a dependent phase offset for each amplitude setting. Only the
additional use of the phase filter (see "Position controller, position setpoint filter: Phase filter
(Page 360)") permits a transparent setting of the axis dynamic response.
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Activation

Parameterization

Deactivation

Basic Functions

6.6 Optimization of the confrol

To activate the axial jerk filter setpoint, the following machine data must be set to "TRUE":
MD32400 $MA_AX_JERK_ENABLE (axial jerk limitation)

The axial jerk filter is parameterized via the machine data:
MD32402 $MA_AX_JERK_MODE (filter type for axial jerk limitation)
MD32410 $MA_AX_JERK_TIME (time constant for the axial jerk filter)

Example:

MD32400 =1 Enable filter calculation
$MA_AX_JERK_ENABLE

MD32402 =2 Filter mode, moving average value
$MA_AX_JERK_MODE

MD32410 =0.02 | Set the filter time in seconds (e.g. 20 ms)
$MA_AX_JERK_TIME

If filter mode:MD32402 $MA_AX_JERK_MODE = 2 was not activated previously, "Power On"
must be initiated once.

Otherwise, "Enable machine data" or "Reset" at the machine control panel are sufficient.

Note
Generally, the filter is set using:MD32402 $MA_AX_JERK_MODE = 2.

Fine adjustment
The fine adjustment of the jerk filter is carried out as follows:

1. Assess the traversing response of the axis
(e.g. based on positioning processes with servo trace).

2. Modify the filter time in MD32410 $MA_AX_JERK_TIME.

3. Activate the modified time via "Enable machine data" or RESET on the machine control
panel.

Disabling the jerk filter:
1. Block the filter calculation:
MD32400 $MA_AX_JERK_ENABLE =0

2. Activate the interlock via "Enable machine data" or RESET on the machine control panel.
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6.6 Optimization of the control

Boundary conditions

References

6.6.3

Function

Activation

360

Filter times

The jerk filter is only effective when the time constant (MD32410) is greater than one position
control cycle.

Filter effect

® The display of the calculated servo gain factor (Kv) in the "Axis service" screen form
displays smaller values than would be appropriate based on the filter effect.

e Path accuracy is better than the displayed servo gain (Kv) suggests.
Therefore, on resetting MD32400 = 1 to MD32400 = 2, the displayed servo gain (Kv) can
be reduced while retaining the same filter time, although the path accuracy improves.
Axes that are interpolating axes with one another
e Must be set identically.

® Once an optimum value has been identified for these axes, the one with the longest filter
time should be used as the setting for all axes within the interpolation group.

For further information on jerk limitation at the interpolator level, see Sections "Jerk limitation
with single-axis interpolation (SOFTA) (axis-specific) (Page 249)" and "Axis/spindlespecific
machine data (Page 279)".

Position controller, position setpoint filter: Phase filter

The axial setpoint phase filter implements a pure phase shift (broken dead time) with which
the setpoint phase response can be set independent of the amplitude response. Together
with the axial setpoint jerk filter "Floating average value formation"
(MD32402_$MA_AX_JERK_MODE = 2; see "Position controller, position setpoint filter: Jerk
filter (Page 358)") it makes it possible for the commissioning engineer to adapt the amplitude
response and the phase response to the weakest axis independent of each other and so
optimize the dynamically different axes for creating a shared contour.

To activate the axial phase filter setpoint, the following machine data must be set to "TRUE":
MD32890 $MA_DESVAL_DELAY_ENABLE (axial phase filter setpoint)

Basic Functions
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6.6 Optimization of the confrol

Parameterization

The time constant for the axial phase filter setpoint (dead time / delay) is set in the machine
data:

MD32895 $MA_DESVAL_DELAY_TIME

Time constants can be set in the range of 0 to 64 position control cycles. This means, the
phase filter, for example, can delay the setpoints by 0 to 128 ms for 2 ms position control
cycle.

Note

For system reasons, because delays in the setpoint machining chain can slow the response
for tapping, safety retractions, exact stop / block change, etc, time constants should be set
as small as possible.

Delay values larger than 64 position control cycles will be limited to 64 without any alarm
message. The limitation of the maximum value applies to the internal representation of the
delay time and not to the machine data itself.

A negative value cannot be set.
MD32895 $MA_DESVAL_DELAY_TIME acts only when MD32890
SMA_DESVAL_DELAY_ENABLE = TRUE.
Examples:
For the following parameterization examples: Position control cycle = 2 ms
1. MD32890 $MA_DESVAL_DELAY_ENABLE = FALSE

MD32895 $MA_DESVAL_DELAY_TIME = <non-negative value>

The activation data item is set to "FALSE". The filter is correspondingly inactive,
independent of MD32895.

2. MD32890 $MA_DESVAL_DELAY_ENABLE = TRUE

MD32895 $MA_DESVAL_DELAY_TIME = 0.002

The filter is active and the input values are delayed by one position control cycle.
3. MD32890 $MA_DESVAL_DELAY_ENABLE = TRUE

MD32895 $MA_DESVAL_DELAY_TIME = 0.256

The filter is active. The set delay corresponds to 128 position control cycles although the
maximum delay is 64 position control cycles. Accordingly, the internal delay time is limited
to 64 position control cycles. The machine data MD32895 remains unchanged.

Boundary conditions

Safety

The function delays the setpoints; this causes, for example, safety retraction movements
(Stop E) also to be delayed (with maximum 64 position control cycles). This has no impact
on safety shutdown actions, however.
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6.6.4 Position controller: injection of positional deviation

Preconditions
® The function can only be used on axes with two encoders:
MD30200 $MA_NUM_ENCS =2

One of the encoders must be parameterized as an indirect measuring system and the
other as a direct measuring system:

— Direct measuring system:
MD31040 $MA_ENC_IS_DIRECT[1]=1

The encoder for position actual-value acquisition is connected directly to the machine
(load encoder).

— Indirect measuring system:
MD31040 $MA_ENC_IS_DIRECTI[0]=0

The encoder for position actual-value acquisition is located on the motor (motor
encoder).

® Telegram type 136 or 138 must be configured as standard telegram type for PROFIdrive
both in the drive and also in the NC (MD13060 $MN_DRIVE_TELEGRAM_TYPE).

Function
For active injected positional deviation, the difference position between the direct and the
indirect measuring system of an axis is determined and in accordance with the weighting-
factor setting is applied as additional current setpoint for the feedforward control in the
position control cycle. The resulting oscillation damping improves the stability and positioning
behavior of the axis.

Application
The function is used for axes with strong tendency to vibrate.

Effectiveness

The function acts only for axes with small natural frequency (to approximately 20 Hz).

Basic Functions
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6.6 Optimization of the confrol

Activation/parameterization

6.6.5

Function

Basic Functions

The function is activated by specifying the weighting factor:
MD32950 $MA_POSCTRL_DAMPING (damping of the speed control loop) = <value>
Value range: -100% ... +100%

An input value "100%" means: A supplementary torque in accordance with SINAMICS
parameter p2003 is applied when the determined position difference between the two
measuring systems reaches the following value:

® With linear motors: 1 mm

e With linear axis with rotary motor: MD31030 $MA_LEADSCREW_PITCH (leadscrew
pitch)

® For rotary axis/spindle: 360 degrees

Standard setting is 0. In this case, the injection of positional deviation is inactive.

Note

The weighting factor MD32950 $MA_POSCTRL_DAMPING can be set on the basis of step
responses, for example.

If the control approaches the stability limit (vibration inclination increases), the parameter is
too large or the value has the incorrect sign.

Position control with proportional-plus-integral-action controller

As standard, the core of the position controller is a P controller. It is possible to switch-in an
integral component for special applications (such as an electronic gear). The resulting
proportional-plus-integral-action controller then corrects the error between setpoint and
actual positions down to zero in a finite, settable time period when the appropriate machine
data is set accordingly.

/I\ CAUTION

Overshootings of the actual position for activated PI controller

In this instance, you must decide whether this effect is admissible for the application in
question. Knowledge of the control technology and measurements with servo trace are an
absolute prerequisite for using the function. If the appropriate machine data is incorrectly

set, then machines could be damaged due to instability.
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6.6 Optimization of the control

Procedure

364

. First optimize the position control loop as a proportional-action controller using the tools

described in the previous subsections.

. Increase the tolerances of the following machine data while measurements are being

taken to determine the quality of the position control with proportional-plus-integral-action
controller:

— MD36020 $MA_POSITIONING_TIME

— MD36030 $MA_STANDSTILL_POS_TOL

— MD36040 $MA_STANDSTILL_DELAY_TIME
- MD36400 $SMA_CONTOUR_TOL

. Activate the position control loop as a proportional-plus-integral-action controller by

setting the following machine data:
MD32220 $MA_POSCTRL_INTEGR_ENABLE ; set value 1
MD32210 $MA_POSCTRL_INTEGR_TIME ; integral time [sec.]
Effect of integral time:
- Ta-0:
The control error is corrected quickly; however, the control loop can become instable.
— Th- oo

Effectiveness of the integral component is almost 0. Behavior of the controller like a
pure proportional controller.

. Find the right compromise for Tn between these two extreme cases for the application.

Tn must not be chosen too near the stability limit because the occurrence of an instability
can cause machine damage.

. Use servo trace to trace the travel-in of an automatic program traveling to and from a

target position.

. Set the servo trace to display the following:

Following error

Actual velocity

Actual position

Reference position

. Reset the tolerance values in the following machine data to the required values, once the

optimum value for Tn has been identified:

— MD36020 $MA_POSITIONING_TIME

— MD36030 $MA_STANDSTILL_POS_TOL

- MD36040 $MA_STANDSTILL_DELAY_TIME
- MD36400 $SMA_CONTOUR_TOL
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Example

Setting result after several iterative processes for kR and Th.
Machine data settings:

MD32220 $MA_POSCTRL_INTEGR_ENABLE = 1
MD32210 $MA_POSCTRL_INTEGR_TIME = 0.003
MD32200 $MA_POSCTRL_GAIN[1] = 5.0

Parameter set selection 0

Each of the following quantities - following error, actual velocity, actual position, and position
setpoint - has been recorded by servo trace. When traversing in JOG mode, the
characteristic of the individual data shown in the following figure was then drawn.

Graphic1 <Tr.1: Axis X1, Tr.2: Axis X1>

4191.0000 ms. 2058 5990 mm

Tr.2: Actual velocity
4. 0770

1233.0000 : T Cinsms : —4359.0000
Graphic2 <Tr.3: Axis X1, Tr.4: Axis X1>

4191.0000 ms. 2058 5990 mm
Tr.4: Position setpoint
i

2058.5990 ! 2058.5990
mm- - - - R Rl i RSl BEEY 1"
----- a
1898.5990 i ! ! T 3 ! ! Tri4 ! 18985990
1233.0000 Lin/ms 43590000
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6.7 Data lists

6.7 Data lists

6.7.1 Machine data

6.7.1.1 Displaying machine data

Number Identifier: $MM_

Description

9004 DISPLAY_RESOLUTION Display resolution

9010 SPIND_DISPLAY_RESOLUTION Display resolution for spindles

9011 DISPLAY_RESOLUTION_INCH Display resolution for INCH system of measurement
6.7.1.2 NC-specific machine data

Number Identifier: $MN_

Description

10000 AXCONF_MACHAX_NAME_TAB

Machine axis name

10050 SYSCLOCK_CYCLE_TIME

System basic cycle

10070 IPO_SYSCLOCK_TIME_RATIO Factor for interpolator cycle

10060 POSCTRL_SYSCLOCK_TIME_RATIO Factor for position-control cycle

10200 INT_INCR_PER_MM Computational resolution for linear positions
10210 INT_INCR_PER_DEG Computational resolution for angular positions

10220 SCALING_USER_DEF_MASK

Activation of scaling factors

10230 SCALING_FACTORS_USER_DEF

Scaling factors of physical quantities

10240 SCALING_SYSTEM_IS_METRIC

Basic system metric

10250 SCALING_VALUE_INCH

Conversion factor for switchover to
inch system

10260 CONVERT_SCALING_SYSTEM

Basic system switchover active

10270 POS_TAB_SCALING_SYSTEM

Measuring system of position tables

10290 CC_TDA_PARAM_UNIT

Physical units of the tool data for CC

10292 CC_TOA_PARAM_UNIT

Physical units of the tool edge data for CC

13050 DRIVE_LOGIC_ADDRESS

Logical drive addresses

13060 DRIVE_TELEGRAM_TYPE

Standard message frame type for PROFIBUS DP

13070 DRIVE_FUNCTION_MASK

DP function used

13080 DRIVE_TYPE_DP

Drive type PROFIBUS DP

366
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6.7 Dala lists

6.7.1.3 Channelspecific machine data

Number Identifier: $MC_ Description

20150 GCODE_RESET_VALUES Initial setting of the G groups
6.7.1.4 Axis/spindlespecific machine data

Number Identifier: SMA_ Description

30110 CTRLOUT_MODULE_NR Setpoint assignment: Drive number

30120 CTRLOUT_NR Setpoint assignment: Setpoint output on drive module
30130 CTRLOUT_TYPE Output type of setpoint

30200 NUM_ENCS Number of encoders

30220 ENC_MODULE_NR Actual value assignment: Drive module number
30230 ENC_INPUT_NR Actual value assignment: Input on the drive module
30240 ENC_TYPE Type of actual-value acquisition (position actual value)
30242 ENC_IS_INDEPENDENT Encoder is independent

30300 IS_ROT_AX Rotary axis

31000 ENC_IS_LINEAR Direct measuring system (linear scale)

31010 ENC_GRID_POINT_DIST Distance between reference marks on linear scales
31020 ENC_RESOL Encoder pulses per revolution

31030 LEADSCREW_PITCH Leadscrew pitch

31040 ENC_IS_DIRECT Encoder is connected directly to the machine

31044 ENC_IS_DIRECT2 Encoder on intermediate gear

31050 DRIVE_AX_RATIO_DENOM Denominator load gearbox

31060 DRIVE_AX_RATIO_NUMERA Numerator load gearbox

31064 DRIVE_AX_RATIO2_DENOM Intermediate gear denominator

31066 DRIVE_AX_RATIO2_NUMERA Intermediate gear numerator

31070 DRIVE_ENC_RATIO_DENOM Measuring gear denominator

31080 DRIVE_ENC_RATIO_NUMERA Measuring gear numerator

31090 JOG_INCR_WEIGHT Weighting of increment for INC/handwheel

31200 SCALING_FACTOR_G70_G71 Factor for converting values when c70/c71 is active
32000 MAX_AX_VELO Maximum axis velocity

32100 AX_MOTION_DIR Travel direction

32110 ENC_FEEDBACK_POL Sign actual value (feedback polarity)

32200 POSCTRL_GAIN Servo gain factor

32210 POSCTRL_INTEGR_TIME Integrator time position controller

32220 POSCTRL_INTEGR_ENABLE Activation of integral component of position controller
32250 RATED_OUTVAL Rated output voltage

32260 RATED_VELO Rated motor speed

32450 BACKLASH Backlash
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6.7 Data lists

Number Identifier: $MA_

Description

32500 FRICT_COMP_ENABLE

Friction compensation active

32610 VELO_FFW_WEIGHT

Feedforward control factor for speed feedforward
control

32620 FFW_MODE

Feedforward control mode

32630 FFW_ACTIVATION_MODE

Activate feedforward control from program

32650 AX_INERTIA

Moment of inertia for torque feedforward control

32652 AX_MASS

Axis mass for torque precontrol

32711 CEC_SCALING_SYSTEM_METRIC

System of measurement of sag compensation

32800 EQUIV_CURRCTRL_TIME

Equivalent time constant current control loop for
feedforward control

32810 EQUIV_SPEEDCTRL_TIME

Equivalent time constant speed control loop for
feedforward control

32890 DESVAL_DELAY_ENABLE

Axial phase filter setpoint

32895 DESVAL_DELAY_TIME

Time constant for the axial phase filter setpoint

32900 DYN_MATCH_ENABLE

Dynamics matching

32910 DYN_MATCH_TIME [n]

Time constant for dynamic response adaptation

32930 POSCTRL_OUT_FILTER_ENABLE

Activation of low-pass filter at position controller
output

32950 POSCTRL_DAMPING

Damping of the speed control loop

33000 FIPO_TYPE

Fine interpolator type

34320 ENC_INVERS|n]

Length measuring system is inverse

35100 SPIND_VELO_LIMIT

Maximum spindle speed

36200 AX_VELO_LIMIT [n]

Threshold value for velocity monitoring

36210 CTRLOUT_LIMIT[n]

Maximum speed setpoint

36400 AX_JERK_ENABLE

Axial jerk limitation

36410 AX_JERK_TIME

Time constant for axial jerk filter

36500 ENC_CHANGE_TOL

Max. tolerance for position actual-value switchover

36510 ENC_DIFF_TOL

Measuring system synchronism tolerance

36700 ENC_COMP_ENABLE[n]

Interpolatory compensation
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7.1

711

Brief description

Function

Auxiliary functions permit activation of the system functions of the NCK and PLC user
functions. Auxiliary functions can be programmed in:

® Part programs

® Synchronized actions

® User cycles

For detailed information on the use of auxiliary function outputs in synchronized actions, see:

References:
Function Manual, Synchronized Actions

Predefined auxiliary functions

Predefined auxiliary functions activate system functions. The auxiliary function is also output
to the NC/PLC interface.

The following auxiliary functions are predefined:

Type Function Example Meaning_;

M Additional function M30 End of program

S Spindle function S100 Spindle speed 100 (e.g. rpm)
T Tool number T3 Tool number 3

D, DL Tool offset D1 Tool cutting edge number 1

F Feedrate F1000 Feedrate 1000 (e.g. mm/min)

Userdefined auxiliary functions

Basic Functions

User-defined auxiliary functions are either extended predefined auxiliary functions or user-
specific auxiliary functions.

Extension of predefined auxiliary functions

Extension of predefined auxiliary functions refers to the "address extensions" parameter. The
address extension defines the number of the spindle to which the auxiliary function applies.
The spindle function M3 (spindle right) is predefined for the master spindle of a channel. If a
2nd spindle is assigned to a channel, a corresponding user-defined auxiliary function must
be defined that extends the predefined auxiliary function.
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7.1 Brief description

Type Function Example Meaning_;

M Additional function M2=3 2nd spindle: Spindle right

S Spindle function S2=100 2nd spindle: Spindle speed = 100 (e.g. rpm)
T Tool number T2=3

User-specific auxiliary functions

User-specific auxiliary functions do not activate system functions. User-specific auxiliary
functions are output to the NC/PLC interface only. The functionality of the auxiliary functions
must be implemented by the machine manufacturer / user in the PLC user program.

Type Function Example Meaning_;
HY Aucxiliary function H2=5 User-specific function
1) Recommendation

71.2 Definition of an auxiliary function

An auxiliary function is defined by the following parameters:
e Type, address extension and value

The three parameters are output to the NC/PLC interface.
e OQOutput behavior

The auxiliary function-specific output behavior defines for how long an auxiliary function is
output to the NC/PLC interface and when it is output relative to the traversing motion
programmed in the same part program block.

e Group assignment

An auxiliary function can be assigned to a particular auxiliary function group. The output
behavior can be defined separately for each auxiliary function group. This becomes
active if no auxiliary function-specific output behavior has been defined. Group
membership also affects output of an auxiliary function after block search.

For more detailed information on auxiliary function output to the NC/PLC interface, see
Section "P3: Basic PLC program for SINUMERIK 840D sl (Page 809)".
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713

M functions

7.1 Brief description

Overview of the auxiliary functions

M (special function)

Address extension Value

Range of values Meaning Range of values Type Meaning Number 8
0 (implicit) --- 0...99 INT Function 5
Remarks:

The address extension is 0 for the range between 0 and 99.
Mandatory without address extension: MO, M1, M2, M17, M30

Range of values

Meaning Range of values Type Meaning Number 8

1..20

Spindle number 1..99 INT Function 5

Remarks:

M3, M4, M5, M19, M70 with address extension as the spindle number. (e.g. M2=5; spindle stop for spindle 2).
Without an address extension, the function influences the master spindle.

Range of values

Meaning Range of values Type Meaning Number 8

0..99

Any 100 ... 2147483647 INT Function 5

Remarks:

User-specific M functions.

8 See "Meaning of footnotes" at the end of the overview.

Basic Functions

Use

Controlling machine functions in synchronism with the part program.

Further information

® The following M functions have a predefined meaning: MO, M1, M2, M17, M30
M3, M4, M5, M6, M19, M70, M40, M41, M42, M43, M44, M45.

® For each M function (M0 - M99), there is a dynamic signal at the NC/PLC interface that
indicates the validity (new output) of the M function. In addition, 64 further signals can be
assigned for user M functions (see Section "P3: Basic PLC program for SINUMERIK
840D sl (Page 809)").

® For subprograms, machine data can be used to set whether an output of the M function
should be undertaken for the end of the part program M17, M2 and M30 to the PLC:

MD20800 $MC_SPF_END_TO_VDI (subprogram end to PLC)

® For the predefined M function M40 — M45, only limited redefinition of the output
specification is possible.
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® The predefined auxiliary functions MO, M1, M17, M30, M6, M4, M5 cannot be redefined.

e M function-specific machine data:
MD10800 $MN_EXTERN_CHAN_SYNC_M_NO_MIN
MD10802 $MN_EXTERN_CHAN_SYNC_M_NO_MAX
MD10804 $SMN_EXTERN_M_NO_SET_INT
MD10806 $SMN_EXTERN_M_NO_DISABLE_INT
MD10814 $SMN_EXTERN_M_NO_MAC_CYCLE
MD10815 $SMN_EXTERN_M_NO_MAC_CYCLE_NAME
MD20094 $MC_SPIND_RIGID_TAPPING_M_NR
MD20095 $MC_EXTERN_RIGID_TAPPING_M_NR
MD20096 $MC_T_M_ADDRESS_EXT_IS_SPINO
MD22200 $MC_AUXFU_M_SYNC_TYPE
MD22530 $MC_TOCARR_CHANGE_M_CODE
MD22532 $MC_GEOAX_CHANGE_M_CODE
MD22534 $MC_TRAFO_CHANGE_M_CODE
MD22560 $MC_TOOL_CHANGE_M_CODE

S functions

S (spindle function)

Address extension Value

Range of values Meaning Range of values Type Meaning Number 8)
0..20 Spindle number 9 0... £ 3.4028 exp38 2 REAL Spindle speed 3
Remarks:

The master spindle of the channel is addressed if no address extension is specified.

3 , 9, 8See "Meaning of footnotes" at the end of the overview.
Use
Spindle speed.
Further information

® S functions are assigned to auxiliary function group 3 by default.

e Without an address extension, the S functions refer to the master spindle of the channel.

e S function-specific machine data:
MD22210 $MC_AUXFU_S_SYNC_TYPE (output time of the S functions)
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H functions

H (aux. function)

Address extension Value
Range of values Meaning Range of values Type Meaning Number 8
0..99 Any - 2147483648 ... INT Any 3

+ 2147483647

0 ... £3.4028 exp38 234 REAL

Remarks:
The functionality must be implemented by the user in the PLC user program.

2)3)4)8) See "Meaning of footnotes" at the end of the overview.
Use
User-specific auxiliary functions.
Further information
® H function-specific machine data:
MD22110 $MC_AUXFU_H_TYPE_INT (type of H-auxiliary function is an integer)
MD22230 $MC_AUXFU_H_SYNC_TYPE (output time of the H functions)

T functions
T (tool number) 5 6)
Address extension Value
Range of values Meaning Range of values Type Meaning Number 8
1..12 Spindle number 0 ... 32000 INT Selection of the tool | 1
(with active tool (also symbolic tool names for
management) active tool management)
Remarks:
Tool names are not output to the PLC. "

1)5)6) 8) See "Meaning of footnotes" at the end of the overview.
Use

Tool selection.
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D functions

Further information

e |dentification of the tools, optionally via tool number or location number (see Section "W1:

Tool offset (Page 1389)").

References:
Function Manual Tool Management

e When TO is selected, the current tool is removed from the toolholder but not replaced by

a new tool (default setting).

e T function-specific machine data:

MD22220 $MC_AUXFU_T_SYNC_TYPE (output time of the T functions)

D (tool offset)

Address extension Value
Range of values Meaning Range of values Type Meaning Number 8)
--- --- 0..9 INT Selection of the tool |1

offset

Remarks:

Clearing the tool offset with DO. Default is D1.

8 See "Meaning of footnotes" at the end of the overview.

374

Use
Selection of the tool offset.
Further information

e |[nitial setting: D1

e After a tool change, the default tool cutting edge can be parameterized via:
MD20270 $MC_CUTTING_EDGE_DEFAULT (basic position of the tool cutting edge

without programming)
e Deselection of the tool offset: DO

e D function-specific machine data:

MD22250 $MC_AUXFU_D_SYNC_TYPE (output time of the D functions)

Basic Functions
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DL functions

7.1 Brief description

DL (additive tool offset)

Address extension Value
Range of values Meaning Range of values Type Meaning Number 8
--- --- 0..6 INT Selection of the 1

additive tool offset

Remarks:

The additive tool offset selected with DL refers to the active D number.

8) See "Meaning of footnotes" at the end of the overview.

F functions

Use

Selection of the additive tool offset with reference to an active tool offset.
Further information

® |[nitial setting: DL =0

e DL values cannot be output to the PLC via synchronized actions.

e Default setting of the additive tool offset without an active DL function:

MD20272 $MC_SUMCORR_DEFAULT (basic setting of the additive offset without a
program)

e Deselection of the additive tool offset: DL = 0
e DL function-specific machine data:
MD22252 $MC_AUXFU_DL_SYNC_TYPE (output time DL functions)

F (feedrate)

Address extension Value
Range of values Meaning Range of values Type Meaning Number 8
--- --- 0.001 ... 999 999.999 REAL Path feedrate 6

Remarks:

8 See "Meaning of footnotes" at the end of the overview.

Basic Functions

Use
Path velocity.
Further information
® F function-specific machine data:
MD22240 $MC_AUXFU_F_SYNC_TYPE (output time of F functions)
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FA functions

FA (axial feedrate)

Address extension Value

Range of values Meaning Range of values Type Meaning Number 8)
1-31 Axis number 0.001 ... 999 999.999 REAL Axial feedrate 6
Remarks:

8 See "Meaning of footnotes" at the end of the overview.

Use
Axial velocity.
Further information
® F function-specific machine data:
MD22240 $MC_AUXFU_F_SYNC_TYPE (output time of F functions)

Meaning of footnotes

376

If tool management is active, neither a T change signal nor a T word is output to the interface
(channel).

The type for the values can be selected by the user via MD22110 $MC_AUXFU_H_TYPE_INT.

Because of the limited display options on the operator panel screens, the REAL type values
displayed are restricted to:

—999 999 999.9999 to 999 999 999.9999

The NC calculates internally but with complete accuracy.

The REAL values are rounded and output to the PLC when setting the machine data:

MD22110 $MC_AUXFU_H_TYPE_INT = 1 (type of H-auxiliary functions is an integer)

The PLC user program must interpret the value transferred according to the machine data setting.

If the tool management is active, the meaning of the address extension can be parameterized.
Address extension = 0 means the value must be replaced by that of the master spindle number,
i.e. it is equivalent to not programming the address extension.

Auxiliary functions M19 "Position spindle" collected during a block search are not output to the
PLC.

M6: Range of values of the address extension:

- without tool management: 0 ... 99

- with tool management: 0 ... maximum spindle number

0: to be replaced by the value of the master spindle number or master toolholder

If tool management is active, the auxiliary function M6 "Tool change" can only be programmed
once in a part program block, irrespective the address extensions that are programmed.

Maximum number of auxiliary functions per part program block.

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1



H2: Auxiliary function outputs fo PLC

7.2 Predefined auxiliary functions

7.2 Predefined auxiliary functions

Function

Every pre-defined auxiliary function is assigned to a system function and cannot be changed.
If a pre-defined auxiliary function is programmed in a part program/cycle, then this is output
to the PLC via the NC/PLC interface and the corresponding system function is executed in
the NCK.

Definition of a predefined auxiliary function

The parameters of the predefined auxiliary function are stored in machine data and can be
changed in some cases. All machine data, which are assigned to an auxiliary function, have
the same index <n>.

e MD22040 $MC_AUXFU_PREDEF_GROUP[<n>] (group assignment of predefined
auxiliary functions)

e MD22050 $MC_AUXFU_PREDEF_TYPE[<n>] (type of predefined auxiliary functions)

e MD22060 $MC_AUXFU_PREDEF_EXTENSION[<n>] (address extension for predefined
auxiliary functions)

e MD22070 $MC_AUXFU_PREDEF_VALUE[<n>] (value of predefined auxiliary functions)

e MD22080 $MC_AUXFU_PREDEF_SPEC[<n>] (output behavior of predefined auxiliary
functions)

7.21 Overview: Predefined auxiliary functions

Significance of the parameters listed in the following tables:

Parameter Meaning

Index <n> Machine data index of the parameters of an auxiliary function
Type MD22050 $MC_AUXFU_PREDEF_TYPE[<n>]

Address extension MD22060 $MC_AUXFU_PREDEF_EXTENSION[<n>]

Value MD22070 $MC_AUXFU_PREDEF_VALUE[<n>]

Group MD22040 $MC_AUXFU_PREDEF_GROUP[<n>]
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Predefined auxiliary functions
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General auxiliary functions, Part 1

System function Index <n> Type Address Value Group
extension
Stop 0 M 0 0 1
Conditional stop 1 M 0 1 1
End of subprogram 2 M 0 2 1
3 M 0 17 1
4 M 0 30 1
Tool change 5 M (0) 6" (1)
Spindle-specific auxiliary functions, spindle 1
System function Index <n> Type Address Value Group
extension
Spindle right 6 M 1 3 (2)
Spindle left 7 M 1 4 (2)
Spindle stop 8 M 1 5 (2)
Position spindle 9 M 1 19 (2)
Axis mode 10 M 1 702 (2)
Automatic gear stage 11 M 1 40 (4)
Gear stage 1 12 M 1 41 (4)
Gear stage 2 13 M 1 42 (4)
Gear stage 3 14 M 1 43 (4)
Gear stage 4 15 M 1 44 (4)
Gear stage 5 16 M 1 45 (4)
Spindle speed 17 S 1 -1 3)
General auxiliary functions, Part 2
System function Index <n> Type Address Value Group
extension
Feedrate 18 F 0 -1 (1)
Cutting edge selection 19 D 0 -1 @)
DL 20 L 0 -1 W)
Tool selection 21 T (0) -1 (1)
Stop (associated) 22 M 0 -19 1
Conditional stop (associated) 23 M 0 -14 1
End of subprogram 24 M 0 -19 1
Nibbling 25 M 0 209 (10)
Nibbling 26 M 0 23 6) (10)
Nibbling 27 M 0 226) 1

Basic Functions
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General auxiliary functions, Part 2

System function Index <n> Type Address Value Group
extension

Nibbling 28 M 0 259 (11)

Nibbling 29 M 0 269 (12)

Nibbling 30 M 0 1229 (11)

Nibbling 31 M 0 1259 (11)

Nibbling 32 M 0 279 (12)

Spindle-specific auxiliary functions, spindle 2

System function Index <n> Type Address Value Group
extension
Spindle right 33 M 2 3 (72)
Spindle left 34 M 2 4 (72)
Spindle stop 35 M 2 5 (72)
Position spindle 36 M 2 19 (72)
Axis mode 37 M 2 702 (72)
Automatic gear stage 38 M 2 40 (74)
Gear stage 1 39 M 2 41 (74)
Gear stage 2 40 M 2 42 (74)
Gear stage 3 41 M 2 43 (74)
Gear stage 4 42 M 2 44 (74)
Gear stage 5 43 M 2 45 (74)
Spindle speed 44 S 2 -1 (73)

Spindle-specific auxiliary functions, spindle 3

System function Index <n> Type Address Value Group
extension
Spindle right 45 M 3 3 (75)
Spindle left 46 M 3 4 (75)
Spindle stop 47 M 3 5 (75)
Position spindle 48 M 3 19 (75)
Axis mode 49 M 3 702 (75)
Automatic gear stage 50 M 3 40 (77)
Gear stage 1 51 M 3 41 (77)
Gear stage 2 52 M 3 42 (77)
Gear stage 3 53 M 3 43 (77)
Gear stage 4 54 M 3 44 (77)
Gear stage 5 55 M 3 45 (77)
Spindle speed 56 S 3 -1 (76)
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Spindle-specific auxiliary functions, spindle 4
System function Index <n> Type Address Value Group
extension

Spindle right 57 M 4 3 (78)
Spindle left 58 M 4 4 (78)
Spindle stop 59 M 4 5 (78)
Position spindle 60 M 4 19 (78)
Axis mode 61 M 4 702 (78)
Automatic gear stage 62 M 4 40 (80)
Gear stage 1 63 M 4 41 (80)
Gear stage 2 64 M 4 42 (80)
Gear stage 3 65 M 4 43 (80)
Gear stage 4 66 M 4 44 (80)
Gear stage 5 67 M 4 45 (80)
Spindle speed 68 S 4 -1 (79)

Spindle-specific auxiliary functions, spindle 5

System function Index <n> Type Address Value Group
extension
Spindle right 69 M 5 3 (81)
Spindle left 70 M 5 4 (81)
Spindle stop 71 M 5 5 (81)
Position spindle 72 M 5 19 (81)
Axis mode 73 M 5 702 (81)
Automatic gear stage 74 M 5 40 (83)
Gear stage 1 75 M 5 41 (83)
Gear stage 2 76 M 5 42 (83)
Gear stage 3 77 M 5 43 (83)
Gear stage 4 78 M 5 44 (83)
Gear stage 5 79 M 5 45 (83)
Spindle speed 80 S 5 -1 (82)

Spindle-specific auxiliary functions, spindle 6

System function Index <n> Type Address Value Group
extension
Spindle right 81 M 6 3 (84)
Spindle left 82 M 6 4 (84)
Spindle stop 83 M 6 5 (84)
Position spindle 84 M 6 19 (84)
Axis mode 85 M 6 702 (84)
Automatic gear stage 86 M 6 40 (86)
Gear stage 1 87 M 6 41 (86)
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Spindle-specific auxiliary functions, spindle 6

System function Index <n> Type Address Value Group
extension

Gear stage 2 88 M 6 42 (86)

Gear stage 3 89 M 6 43 (86)

Gear stage 4 90 M 6 44 (86)

Gear stage 5 91 M 6 45 (86)

Spindle speed 92 S 6 -1 (85)

Spindle-specific auxiliary functions, spindle 7

System function Index <n> Type Address Value Group
extension
Spindle right 93 M 7 3 (87)
Spindle left 94 M 7 4 (87)
Spindle stop 95 M 7 5 (87)
Position spindle 96 M 7 19 (87)
Axis mode 97 M 7 702 (87)
Automatic gear stage 98 M 7 40 (89)
Gear stage 1 99 M 7 41 (89)
Gear stage 2 100 M 7 42 (89)
Gear stage 3 101 M 7 43 (89)
Gear stage 4 102 M 7 44 (89)
Gear stage 5 103 M 7 45 (89)
Spindle speed 104 S 7 -1 (88)

Spindle-specific auxiliary functions, spindle 8

System function Index <n> Type Address Value Group
extension
Spindle right 105 M 8 3 (90)
Spindle left 106 M 8 4 (90)
Spindle stop 107 M 8 5 (90)
Position spindle 108 M 8 19 (90)
Axis mode 109 M 8 702 (90)
Automatic gear stage 110 M 8 40 (92)
Gear stage 1 111 M 8 41 (92)
Gear stage 2 112 M 8 42 (92)
Gear stage 3 113 M 8 43 (92)
Gear stage 4 114 M 8 44 (92)
Gear stage 5 115 M 8 45 (92)
Spindle speed 116 S 8 -1 (91)
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Spindle-specific auxiliary functions, spindle 9
System function Index <n> Type Address Value Group
extension

Spindle right 117 M 9 3 (93)
Spindle left 118 M 9 4 (93)
Spindle stop 119 M 9 5 (93)
Position spindle 120 M 9 19 (93)
Axis mode 121 M 9 702 (93)
Automatic gear stage 122 M 9 40 (95)
Gear stage 1 123 M 9 41 (95)
Gear stage 2 124 M 9 42 (95)
Gear stage 3 125 M 9 43 (95)
Gear stage 4 126 M 9 44 (95)
Gear stage 5 127 M 9 45 (95)
Spindle speed 128 S 9 -1 (94)

Spindle-specific auxiliary functions, spindle 10

System function Index <n> Type Address Value Group
extension
Spindle right 129 M 10 3 (96)
Spindle left 130 M 10 4 (96)
Spindle stop 131 M 10 5 (96)
Position spindle 132 M 10 19 (96)
Axis mode 133 M 10 702 (96)
Automatic gear stage 134 M 10 40 (98)
Gear stage 1 135 M 10 41 (98)
Gear stage 2 136 M 10 42 (98)
Gear stage 3 137 M 10 43 (98)
Gear stage 4 138 M 10 44 (98)
Gear stage 5 139 M 10 45 (98)
Spindle speed 140 S 10 -1 (97)

Spindle-specific auxiliary functions, spindle 11

System function Index <n> Type Address Value Group
extension
Spindle right 141 M 11 3 (99)
Spindle left 142 M 11 4 (99)
Spindle stop 143 M 11 5 (99)
Position spindle 144 M 11 19 (99)
Axis mode 145 M 11 702 (99)
Automatic gear stage 146 M 11 40 (101)
Gear stage 1 147 M 11 41 (101)
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Spindle-specific auxiliary functions, spindle 11

System function Index <n> Type Address Value Group
extension

Gear stage 2 148 M 11 42 (101)

Gear stage 3 149 M 11 43 (101)

Gear stage 4 150 M 11 44 (101)

Gear stage 5 151 M 11 45 (101)

Spindle speed 152 S 11 -1 (100)

Spindle-specific auxiliary functions, spindle 12

System function Index <n> Type Address Value Group
extension
Spindle right 153 M 11 3 (102)
Spindle left 154 M 12 4 (102)
Spindle stop 155 M 12 5 (102)
Position spindle 156 M 12 19 (102)
Axis mode 157 M 12 702 (102)
Automatic gear stage 158 M 12 40 (104)
Gear stage 1 159 M 12 41 (104)
Gear stage 2 160 M 12 42 (104)
Gear stage 3 161 M 12 43 (104)
Gear stage 4 162 M 12 44 (104)
Gear stage 5 163 M 12 45 (104)
Spindle speed 164 S 12 -1 (103)

Spindle-specific auxiliary functions, spindle 13

System function Index <n> Type Address Value Group
extension
Spindle right 165 M 13 3 (105)
Spindle left 166 M 13 4 (105)
Spindle stop 167 M 13 5 (105)
Position spindle 168 M 13 19 (105)
Axis mode 169 M 13 702 (105)
Automatic gear stage 170 M 13 40 (107)
Gear stage 1 171 M 13 41 (107)
Gear stage 2 172 M 13 42 (107)
Gear stage 3 173 M 13 43 (107)
Gear stage 4 174 M 13 44 (107)
Gear stage 5 175 M 13 45 (107)
Spindle speed 176 S 13 -1 (106)
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Spindle-specific auxiliary functions, spindle 14
System function Index <n> Type Address Value Group
extension

Spindle right 177 M 14 3 (108)
Spindle left 178 M 14 4 (108)
Spindle stop 179 M 14 5 (108)
Position spindle 180 M 14 19 (108)
Axis mode 181 M 14 702 (108)
Automatic gear stage 182 M 14 40 (110)
Gear stage 1 183 M 14 41 (110)
Gear stage 2 184 M 14 42 (110)
Gear stage 3 185 M 14 43 (110)
Gear stage 4 186 M 14 44 (110)
Gear stage 5 187 M 14 45 (110)
Spindle speed 188 S 14 -1 (109)

Spindle-specific auxiliary functions, spindle 15

System function Index <n> Type Address Value Group
extension
Spindle right 189 M 15 3 (111)
Spindle left 190 M 15 4 (111)
Spindle stop 191 M 15 5 (111)
Position spindle 192 M 15 19 (111)
Axis mode 193 M 15 702 (111)
Automatic gear stage 194 M 15 40 (113)
Gear stage 1 195 M 15 41 (113)
Gear stage 2 196 M 15 42 (113)
Gear stage 3 197 M 15 43 (113)
Gear stage 4 198 M 15 44 (113)
Gear stage 5 199 M 15 45 (113)
Spindle speed 200 S 15 -1 (112)

Spindle-specific auxiliary functions, spindle 16

System function Index <n> Type Address Value Group
extension
Spindle right 201 M 16 3 (114)
Spindle left 202 M 16 4 (114)
Spindle stop 203 M 16 5 (114)
Position spindle 204 M 16 19 (114)
Axis mode 205 M 16 702 (114)
Automatic gear stage 206 M 16 40 (116)
Gear stage 1 207 M 16 41 (116)
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Spindle-specific auxiliary functions, spindle 16

System function Index <n> Type Address Value Group
extension

Gear stage 2 208 M 16 42 (116)

Gear stage 3 209 M 16 43 (116)

Gear stage 4 210 M 16 44 (116)

Gear stage 5 21 M 16 45 (116)

Spindle speed 212 S 16 -1 (115)

Spindle-specific auxiliary functions, spindle 17

System function Index <n> Type Address Value Group
extension
Spindle right 213 M 17 3 (117)
Spindle left 214 M 17 4 (117)
Spindle stop 215 M 17 5 (117)
Position spindle 216 M 17 19 (117)
Axis mode 217 M 17 702 (117)
Automatic gear stage 218 M 17 40 (119)
Gear stage 1 219 M 17 41 (119)
Gear stage 2 220 M 17 42 (119)
Gear stage 3 221 M 17 43 (119)
Gear stage 4 222 M 17 44 (119)
Gear stage 5 223 M 17 45 (119)
Spindle speed 224 S 17 -1 (118)

Spindle-specific auxiliary functions, spindle 18

System function Index <n> Type Address Value Group
extension
Spindle right 225 M 18 3 (120)
Spindle left 226 M 18 4 (120)
Spindle stop 227 M 18 5 (120)
Position spindle 228 M 18 19 (120)
Axis mode 229 M 18 702 (120)
Automatic gear stage 230 M 18 40 (122)
Gear stage 1 231 M 18 41 (122)
Gear stage 2 232 M 18 42 (122)
Gear stage 3 233 M 18 43 (122)
Gear stage 4 234 M 18 44 (122)
Gear stage 5 235 M 18 45 (122)
Spindle speed 236 S 18 -1 (121)
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Spindle-specific auxiliary functions, spindle 19

System function Index <n> Type Address Value Group
extension
Spindle right 237 M 19 3 (123)
Spindle left 238 M 19 4 (123)
Spindle stop 239 M 19 5 (123)
Position spindle 240 M 19 19 (123)
Axis mode 241 M 19 702 (123)
Automatic gear stage 242 M 19 40 (125)
Gear stage 1 243 M 19 41 (125)
Gear stage 2 244 M 19 42 (125)
Gear stage 3 245 M 19 43 (125)
Gear stage 4 246 M 19 44 (125)
Gear stage 5 247 M 19 45 (125)
Spindle speed 248 S 19 -1 (124)
Spindle-specific auxiliary functions, spindle 20
System function Index <n> Type Address Value Group
extension
Spindle right 249 M 20 3 (126)
Spindle left 250 M 20 4 (126)
Spindle stop 251 M 20 5 (126)
Position spindle 252 M 20 19 (126)
Axis mode 253 M 20 702 (126)
Automatic gear stage 254 M 20 40 (128)
Gear stage 1 255 M 20 41 (128)
Gear stage 2 256 M 20 42 (128)
Gear stage 3 257 M 20 43 (128)
Gear stage 4 258 M 20 44 (128)
Gear stage 5 259 M 20 45 (128)
Spindle speed 260 S 20 -1 (127)
Toolholder-specific auxiliary functions, T auxiliary functions
System function Index <n> Type Address Value Group
extension
Tool selection 261 T 1 -1 129
Tool selection 262 T 2 -1 130
Tool selection 263 T 3 -1 131
Tool selection 264 T 4 -1 132
Tool selection 265 T 5 -1 133
Tool selection 266 T 6 -1 134
Tool selection 267 T 7 -1 135
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Toolholder-specific auxiliary functions, T auxiliary functions

System function Index <n> Type Address Value Group
extension
Tool selection 268 T 8 -1 136
Tool selection 269 T 9 -1 137
Tool selection 270 T 10 -1 138
Tool selection 271 T 11 -1 139
Tool selection 272 T 12 -1 140
Tool selection 273 T 13 -1 141
Tool selection 274 T 14 -1 142
Tool selection 275 T 15 -1 143
Tool selection 276 T 16 -1 144
Tool selection 277 T 17 -1 145
Tool selection 278 T 18 -1 146
Tool selection 279 T 19 -1 147
Tool selection 280 T 20 -1 148

Toolholder-specific auxiliary functions, M6 auxiliary functions

System function Index <n> Type Address Value Group
extension
Tool change 281 M 1 6" 149
Tool change 282 M 2 6" 150
Tool change 283 M 3 6" 151
Tool change 284 M 4 6" 152
Tool change 285 M 5 6" 153
Tool change 286 M 6 6" 154
Tool change 287 M 7 6" 155
Tool change 288 M 8 6" 156
Tool change 289 M 9 6" 157
Tool change 290 M 10 6" 158
Tool change 291 M 11 6" 159
Tool change 292 M 12 6" 160
Tool change 293 M 13 6" 161
Tool change 294 M 14 6" 162
Tool change 295 M 15 6" 163
Tool change 296 M 16 6" 164
Tool change 297 M 17 6" 165
Tool change 298 M 18 6" 166
Tool change 299 M 19 6" 167
Tool change 300 M 20 6" 168

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1 387



H2: Auxiliary function outputs fo PLC

7.2 Predefined auxiliary functions

388

() The value can be changed.

1)

The value is depends on the machine data:
MD22560 $MC_TOOL_CHANGE_M_MODE (M function for tool change)
The value can be preset with a different value using the following machine data:

MD20095 $MC_EXTERN_RIGID_TAPPING_M_NR (M function for switching over to
controlled axis mode (ext. mode))

MD20094 $MC_SPIND_RIGID_TAPPING_M_NR (M function for switching over to
controlled axis mode)

Note
The value 70 is always output to the PLC.

The value is set using machine data:

MD22254 $MC_AUXFU_ASSOC_MO0_VALUE (additional M function for program stop)
The value is set using machine data:

MD22256 $MC_AUXFU_ASSOC_M1_VALUE (additional M function for conditional stop)
The value is set using machine data:

MD10714 $MN_M_NO_FCT_EOP (M function for spindle active after reset)

The value is set using machine data:

MD26008 $MC_NIBBLE_PUNCH_CODE (definition of M functions)

Basic Functions
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7.2.2 Overview: Output behavior

Significance of the parameters listed in the following table:

Parameter Meaning

Index <n> Machine data index of the parameters of an auxiliary function

Output behavior MD22080 $MC_AUXFU_PREDEF_SPEC[<n>], Bits 0 ... 18
Bits 19 ... 31: Reserved

Output behavior of the predefined auxiliary functions

System function Index <n>
Output behavior, bit
18 (17|16 |15(14|13|12|11|10| 9 |8 |7 |6 |5 |4 |3 |2 |1 |0
Stop ojo0o|jojOoOjO|O|O|O|O|O|O|O|1T]O]|]O|O0O]O0]|O0]@©](M
Conditional stop 1/0|]0]0|©O|O0O]O0O]O|O|O|O|O0O]1T]O0O]0]0]O0|O0/|O](M
End of subroutine 2|0|0|0|O|O|O0O|O0O]|O0O]|]O|O]O0O|1T]O]O|O0O]O0]|O0][O](M
3|ojo|O0Oj@|O|O|O|O|(@O|O|O|1T|O]O0O]|0O|O0O]|O0/[(M](
4/0|0|]0|O|O|O0O]O0O|O|O|O|O0O]|1T]O0O]O0O]|]0]O0]O0[O](Mm
Tool change 510|100 [O|0]0]|0/[@]@O]@O©]|@O]|@]O]|M][MO]@O](@)]C@O](
Spindle right 60| 0[O0 [@|0]|0]|0/|[@](@]@](@)]@]@O])][@©]C(@O)](@]C@O)()
Spindle left 710100 (@[O0 [O0|0|©]|@©]@©]@]@]O][N[O]O]@©]@](M
Spindle stop 8| 0|0 [0 [O|0]0]|0/[@]|O]MO]|O]|MO@]O]|M][O]@O]@]C@O]
Spindle positioning 910 | 0[O0 [O|0]0]|0|[@]@]@](@]@]@O]|][@O](@O)](@]C@O)/()
Axis mode 100 | 0|0 |(O|O0]|0 |0 |()]|()]@O)](@]@](@)]|()]@O](@)](@©)]C(@|C(1)
Automatic gear stage M0 | 0|0 |O[O0O]0|0[O|O|O)|O]O]O0|1T]O]|MO©]®O]@O](
Gear stage 1 120|100 |O|0]|0|0[O|MO]|O]@Of|O]O0]|1T]O]|@©]@O]@O]C()
Gear stage 2 13{ 0| 0|0 |O|0]|0 |0 |@|@O]@O]|@]|O]|O0]|1T]O](@](@©]C@O|(
Gear stage 3 1410|100 |O]|0[0|[0|O)O)|O|@O]O0]0]1T[O|O]|O©]@O](M
Gear stage 4 1510|100 |O[0]0|0[@|MO]|O]@O|O]O0]|1T]O]|(@©]@O]C@O]C()
Gear stage 5 16| 0| 0|0 |O|O0]0 |0 |@|@OI]@O]|@]|O]|O0]|1T]O](@](@©]C@O)!|(
Spindle speed 171 0| 0|0 (@[O0 |O0|O0|MO]|@©]|@O]|O0]|O|M[O[MO]|®O]O]|@©](M
Feed 181 0|00 |O|O0[0]0[O[O|O]O0]|O@[M|OfO|M]|O][@O](
Cutting edge selection |19 0 | O | O [(0O)| O | O | O |(@)|@]|@© | 0 [©]|@O©[()] O0]@]|O0](@©]()
DL 20000000 0]|]0]MO|O]|O]O0[O[O|M]O]@O]O0/]@O](
Tool selection 2110|100 {O|0]O0]|0[©O]|O|@O]O0|@O@[O]|M|O|O@]|O0]@O](
Stop (associated) 2/0|0|0jO®|O0|0O|]O0O|O0O|]O|O|]O0O|1T]O]O0O|O0O]O0]|O0][O](M
Conditional stop 23/0(0|0|OjO]JO|O]|]O|O|O]|]O0O|1T]0O0]O0[0]|]0]0I][O](Mm
(associated)
End of subroutine 2410|000 |O|O|O0O|O]O]O|1T]O|]O0O|O0O|O0O]|0]|@O](M
Nibbling 251010 0) 0 0)[©) [0 [ |(1")][©]0(0©)](©](©)]()
Nibbling 26| 0| 0|0 [@©]|0|0]|0/|@©]@]|@]@]@O]|)|@]O0/](@]C(@O]|(@F(
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7.2 Predefined auxiliary functions

System function Index <n>

Output behavior, bit

18|17 |16 |15|14|13|12|11|(10| 9 |8 |7 |6 | 5|4 |3 | 2|10
Nibbling 2710 [0 |0 (@] O0O|[O0O]O0|MO[O]|O[O]O|M][O] 0 [@©]@O](@©](M
Nibbling 2810 [0 |0 ((@]|O0|O0]0|MO@[O]|O|O]O|M][O] 0 [@©]@O](@©](
Nibbling 200 ]0[O[O0[O0|0]|O|O[O|O]|O[M[O]O0O]O]@©](M
Nibbling 300 [0 |O0(@]|O0[O0]0|MO[O]|O[O]O|M][O] 0 [@©]@O](@©](M
Nibbling 310 [0 |0 (@] O0|[O0]0|MO@[O@]|O[MO]|O|M][O] 0 [@](@O](@©](
Nibbling 32/ 00|00 |O|O0]0]0]0O[O]O[O[O|M]|@]0](@©](@)](@O)]()

() The value can be changed.

Significance of the bits
Bit Meaning
0 Acknowledgement "normal" after an OB1 cycle

An auxiliary function with normal acknowledgment is output to the NC/PLC interface at the beginning of the OB1
cycle. The auxiliary function-specific change signal indicates to the PLC user program that the auxiliary function is
valid.

The auxiliary function is acknowledged as soon as organization block OB1 has run once. This corresponds to a
complete PLC user cycle.

The auxiliary function with normal acknowledgment is output in synchronism with the part program block in which it
is programmed. If execution of the parts program block, e.g. path and/or positioning axis movements, is completed
before acknowledgment of the auxiliary function, the block change is delayed until after acknowledgment by the
PLC.

In continuous-path mode, a constant path velocity can be maintained in conjunction with an auxiliary function with
normal acknowledgment, if the auxiliary function is output by the PLC during the traversing motion and before
reaching the end of the block.

1 Acknowledgement "quick" with OB40

An auxiliary function with quick acknowledgment is output to the NC/PLC interface before the next OB1 cycle. The
auxiliary function-specific change signal indicates to the PLC user program that the auxiliary function is valid.

The auxiliary function is acknowledged immediately by the PLC basic program in the next OB40 cycle.
Acknowledgment of the auxiliary function is not confirmation that the corresponding PLC user function has been
executed. The auxiliary function is still executed in the OB1 cycle. Next output of the auxiliary functions to the PLC
is therefore not possible until after this OB1 cycle has run completely. This is noticeable in continuous-path mode
(drop in path velocity) especially if auxiliary functions with quick acknowledgment are output in several consecutive
part program blocks.

With auxiliary functions with quick acknowledgment, it cannot be guaranteed that the PLC user program will
respond in synchronism with the block.
Note

Parameterization of the output behavior of auxiliary functions as "quick auxiliary functions" is only possible in
conjunction with user-defined auxiliary functions.
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7.2 Predefined auxiliary functions

Bit Meaning

2 No predefined auxiliary function

A predefined auxiliary function is treated like a user-defined auxiliary function with this setting. The auxiliary function
then no longer triggers the corresponding system function but is only output to the PLC.

Example:

Reconfiguration of the "Position spindle" auxiliary function (index 9) to a user-defined auxiliary function with normal
acknowledgment and output prior to the traversing motion.

MD22080 $MC_AUXFU_PREDEF_SPEC [ 9] ='H25' (100101B)
3 No output to the PLC
The auxiliary function is not output to the PLC.

4 Spindle response after acknowledgement by the PLC

The associated system function is only executed after acknowledgment by the PLC.

5 Qutput prior to motion

The auxiliary function is output to the PLC before the traversing motions programmed in the part program block
(path and/or block-related positioning axis movements).

6 Output during motion

The auxiliary function is output to the PLC during the traversing motions programmed in the part program block
(path and/or block-related positioning axis movements).

7 Output at block end

The auxiliary function is output to the PLC after the traversing motions programmed in the part program block have
been completed (path and/or block-related positioning axis movements).

8 Not output after block search, types 1, 2, 4

Block search, types 1, 2, 4: The auxiliary function collected during the block search is not output.

9 Collection during block search with program test (type 5, SERUPRO)

For a block search with program test, the auxiliary function is collected group-specific in the following system
variables:

e $AC_AUXFU_M_VALUE[<n>]

e $AC_AUXFU_M_EXT[<n>]

e $AC_AUXFU_M_STATE[<n>]

10 No output during block search with program test (type 5, SERUPRO)

For block search with program test, the auxiliary function is not output to the PLC.
11 Cross-channel auxiliary function (SERUPRO)

For block search with program test (SERUPRO), the help function is collected on a cross-channel basis in the
global list of the auxiliary functions.

Note
For each auxiliary function group, only the last auxiliary function of the group is always collected.

12 Output performed via synchronized action (read only)

The bit is set if the auxiliary function was output to the PLC via a synchronized action.

13 Implicit auxiliary function (read-only)

The bit is set if the auxiliary function was implicitly output to the PLC.
14 Active MO1 (read only)
The bit is set if the auxiliary function, for active M01, was output to the PLC.

15 No output during positioning test run

During the run-in test, the auxiliary function is not output to the PLC.
16 Nibbling off
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7.2 Predefined auxiliary functions

Bit

Meaning

17

Nibbling on

18

Nibbling

7.2.3

7.2.31

392

Note

In the case of auxiliary functions for which no output behavior has been defined, the
following default output behavior is active:

e Bit 0 = 1: Output duration one OB1 cycle

e Bit 7 = 1: Output at block end

Parameterization

Group assignment

The handling of the auxiliary functions for a block search is defined using the group
assignment of an auxiliary function. The 168 auxiliary function groups available are
subdivided into predefined and user-definable groups:

Predefined groups: 1..4 10...12 72 ... 168
User-defined groups: 5..9 13...71
Each predefined auxiliary function is assigned, as standard, to an auxiliary function group.

For most pre-defined auxiliary functions, this assignment can be changed using the following
machine data:

MD22040 $MC_AUXFU_PREDEF_GROUP[<n>] (group assignment of predefined auxiliary
functions)

If an auxiliary function is not assigned to any group, then a value of "0" should be entered
into the machine data.

For the pre-defined auxiliary functions with the following indices <n>, the group assignment
cannot be changed: 0, 1, 2, 3, 4, 22, 23, 24

Note
1. Auxiliary function group and block search

Auxiliary functions of the 1st auxiliary function group are, for a block search, only collected,
but not output.
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7.2 Predefined auxiliary functions

7.23.2 Type, address extension and value

An auxiliary function is programmed via the type, address extension and value parameters
(see Section "Programming an auxiliary function (Page 407)").

Type

The identifier of an auxiliary function is defined via the "type," e.g.:

"M" For additional function
"S" For spindle function
"F" For feed

The setting is made via the following machine data:
MD22050 $MC_AUXFU_PREDEF_TYPE[<n>] (type of predefined auxiliary functions)

Note

The "type" cannot be changed for predefined auxiliary functions.

Address extension

The "address extension" of an auxiliary function is for addressing different components of the
same type. In the case of predefined auxiliary functions, the value of the "address extension"
is the spindle number to which the auxiliary function applies.

The setting is made via the following machine data:

MD22060 $MC_AUXFU_PREDEF_EXTENSION[<n>] (address extension for predefined
auxiliary functions)

Grouping together auxiliary functions

To assign an auxiliary function for all spindles of a channel to the same auxiliary function
group, the value "-1" is entered for the "address extension" parameter.

Example:

The auxiliary function M3 (machine data index = 6) is assigned to the second auxiliary
function group for all the channel's spindles.

MD22040 $MC_AUXFU_PREDEF_GROUP[ 6 ] =2
MD22050 $MC_AUXFU_PREDEF_TYPE[ 6 ] ="M"
MD22060 $MC_AUXFU_PREDEF_EXTENSION[6] =-1
MD22070 $MC_AUXFU_PREDEF_VALUE[ 6] =3

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1 393



H2: Auxiliary function outputs fo PLC

7.2 Predefined auxiliary functions

Value

7.2.3.3

The parameters "value" and "type" define the meaning of an auxiliary function, i.e. the
system function that is activated on the basis of this auxiliary function.

The "value" of an auxiliary function is defined in the machine data:
MD22070 $MC_AUXFU_PREDEF_VALUE[<n>] (value of predefined auxiliary functions)

Note

The "value" cannot be changed for a predefined auxiliary function. For some predefined
auxiliary functions, the "value" can be reconfigured via additional machine data (see Section
"Associated auxiliary functions (Page 402)").

Output behavior

Parameter "Output behavior" defines when the predefined auxiliary function is output to the
NC/PLC interface and when it is acknowledged by the PLC.

The setting is done via the following machine data:

MD22080 $MC_AUXFU_PREDEF_SPEC[<n>] (output behavior of predefined auxiliary
functions)

Output behavior relative to motion

394

Output prior to motion

® The traversing motions (path and/or block-related positioning axis movements) of the
previous part program block end with an exact stop.

® The auxiliary functions are output at the beginning of the current parts program block.

® The traversing motion of the actual part program block (path and/or positioning axis
motion) is only started after acknowledgment of the auxiliary functions by the PLC:

— Output duration one OB1 cycle (normal acknowledgment): after one OB1 cycle
— Output duration one OB40 cycle (quick acknowledgment): after one OB40 cycle
Output during motion

® The auxiliary functions are output at the beginning of the traversing motions (path and/or
positioning axis movements).

® The path velocity of the current parts program block is reduced so that the time to the end
of the block is greater than the time to acknowledgment of the auxiliary functions by the
PLC.

— Output duration one OB1 cycle (normal acknowledgment): one OB1 cycle

— Output duration one OB40 cycle (quick acknowledgment): one OB40 cycle
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7.2 Predefined auxiliary functions

Output after motion

® The traversing motions (path and/or block-related positioning axis movements) of the
current part program block end with an exact stop.

® The auxiliary functions are output after completion of the traversing motions.

® The block change is performed after acknowledgment of the auxiliary functions by the
PLC:

— Output duration one OB1 cycle (normal acknowledgment): after one OB1 cycle

— Output duration one OB40 cycle (quick acknowledgment): after one OB40 cycle

Examples of different output behavior
The following figures illustrate the differing behavior regarding:
e Qutput and acknowledgment of the auxiliary function
® Spindle response (speed change)
® Traverse movement (velocity change)

The binary values specified in the diagrams under "Output behavior" refer to the
parameterized output behavior (MD22080).
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7.2 Predefined auxiliary functions
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7.3 Userdefined auxiliary functions
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>,

7.3

Userdefined auxiliary functions

There are two uses for user-defined auxiliary functions:

e Extension of predefined auxiliary functions

® User-specific auxiliary functions

Extension of predefined auxiliary functions

Because there is only one set of machine data for the predefined auxiliary functions, they
can only ever be used to address one spindle of the channel. To address further spindles,

user-defined auxiliary functions must be parameterized to supplement the predefined

auxiliary functions.

Extension of predefined auxiliary functions refers to the "address extensions" parameter. The

number of the spindle that the auxiliary function refers to is entered in the "address

extension" parameter.

398
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7.3 Userdefined auxiliary functions

The relevant predefined auxiliary functions can be extended for the following system

functions:
System function Type
Address extension
Value

Tool change M 1 6
Spindle right M 1 3
Spindle left M 1 4
Spindle stop M 1 5
Position spindle M 1 19
Axis mode M 1 70
Automatic gear stage M 1 40
Gear stage 1 M 1 41
Gear stage 2 M 1 42
Gear stage 3 M 1 43
Gear stage 4 M 1 44
Gear stage 5 M 1 45
Spindle speed S 1 -1
Tool selection T 1 -1

1 Address extension = 1 is the default value used in the auxiliary functions predefined in the
machine data

Example:

Extension of the predefined auxiliary function for the system function "spindle right" for the
second and third spindle of the channel.

Auxiliary function "spindle right" for the second spindle of the channel:

MD22010 $MC_AUXFU_ASSIGN_TYPE[ n ] ="M"
MD22020 $MC_AUXFU_ASSIGN_EXTENSION[ n ] =2
MD22030 $MC_AUXFU_ ASSIGN_VALUE[ n] =3

Auxiliary function "spindle right" for the third spindle of the channel:

MD22010 $MC_AUXFU_ ASSIGN_TYPE[ m ] ="M"
MD22020 $MC_AUXFU_ASSIGN_EXTENSION[ m ] =3
MD22030 $MC_AUXFU_ ASSIGN_VALUE[ m ] =3
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7.3 Userdefined auxiliary functions

User-specific auxiliary functions
User-specific auxiliary functions have the following characteristics:
e User-specific auxiliary functions only activate user functions.
e No system functions can be activated by user-specific auxiliary functions.

® A user-specific auxiliary function is output to the PLC according to the parameterized
output behavior.

® The functionality of a user-specific auxiliary function is implemented by the machine
manufacturer/user in the PLC user program.

7.31 Parameterization

7.3.1.1 Maximum number of user-defined auxiliary functions

The maximum number of user-defined auxiliary function per channel can be parameterized
via the machine data:

MD11100 $SMN_AUXFU_MAXNUM_GROUP_ASSIGN (maximum number of user-defined
auxiliary functions)

7.31.2 Group assignment

The handling of the auxiliary functions for a block search is defined using the group
assignment of an auxiliary function. The 168 auxiliary function groups available are
subdivided into predefined and user-definable groups:

Predefined groups: 1..4 10...12 72 ...168
User-defined groups: 5..9 13...71

Every user-defined auxiliary function is assigned as standard to the 1st auxiliary function
group. The assignment can be changed using the following machine data:

MD22000 $MC_AUXFU_ASSIGN_GROUP[<n>] (group assignment of user-defined auxiliary
functions)

If an auxiliary function is not assigned to any group, then a value of "0" should be entered
into the machine data.

Note
1. Auxiliary function group and block search

Auxiliary functions of the 1st auxiliary function group are, for a block search, only collected,
but not output.
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7.3 Userdefined auxiliary functions

7.3.1.3 Type, address extension and value

An auxiliary function is programmed via the type, address extension and value parameters
(see Section "Programming an auxiliary function (Page 407)").

Type
The name of an auxiliary function is defined via the "type".

The identifiers for user-defined auxiliary functions are:

Type Identifier Meaning

"H" Auxiliary function User-specific auxiliary functions
"M Special function Extension of predefined auxiliary
"g Spindle function functions

" Tool number

The setting is made via the following machine data:
MD22010 $MC_AUXFU_ASSIGN_TYPE[<n>] (type of user-defined auxiliary functions)

Address extension

MD22020 $MC_AUXFU_ASSIGN_EXTENSION[<n>] (address extension user-defined
auxiliary functions)

The functionality of the address extension is not defined in user-specific auxiliary functions. It
is generally used to distinguish between auxiliary functions with the same "value".

Grouping together auxiliary functions

If all the auxiliary functions of the same type and value are assigned to the same auxiliary
function group, a value of "-1" must be entered for the "address extension" parameter.

Example:

All user-specific auxiliary functions with the value "= 8" are assigned to the tenth auxiliary
function group.

MD22000 $MC_AUXFU_ASSIGN_GROUP [ 1] =10
MD22010 $MC_AUXFU_ ASSIGN_TYPE [ 1] ="H"
MD22020 $MC_AUXFU_ ASSIGN_EXTENSION [ 1] =-1
MD22030 $MC_AUXFU_ ASSIGN_VALUE [ 1] =8

Value
MD22030 $MC_AUXFU_ASSIGN_VALUE[<n>] (value of user-defined auxiliary functions)

The functionality of the "value" parameter is not defined in user-specific auxiliary functions.
The value is generally used to activate the corresponding PLC user function.
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7.4 Associated auxiliary functions

Grouping together auxiliary functions

If all the auxiliary functions of the same type and address extension are assigned to the
same auxiliary function group, a value of "-1" must be entered for the "value" parameter.

Example:

All user-specific auxiliary functions with the address extension "= 2" are assigned to the
eleventh auxiliary function group.

MD22000 $MC_AUXFU_ASSIGN_GROUP [ 2] =11

MD22010 $MC_AUXFU_ ASSIGN_TYPE [ 2] ="H"

MD22020 $MC_AUXFU_ ASSIGN_EXTENSION [ 2] =2

MD22030 $MC_AUXFU_ ASSIGN_VALUE [ 2] =-1
7314 Output behavior

The "output behavior" of user-defined auxiliary functions can be parameterized via the
machine data:

MD22035 $MC_AUXFU_ASSIGN_SPEC[<n>] (output behavior of user-defined auxiliary
functions)

For a description of the individual output parameters, see the "Output behavior (Page 394)"
section of the predefined auxiliary functions. The information given there can be applied
analogously to the output behavior of user-defined auxiliary functions.

7.4 Associated auxiliary functions

Function

Associated auxiliary functions are user-defined auxiliary functions that have the same effect
as the corresponding predefined auxiliary functions. User-defined auxiliary functions can be
associated for the following predefined auxiliary functions:

e MO (stop)

® M1 (conditional stop)

Requirements

The precondition for association of a user-defined auxiliary function with one of the
predefined auxiliary functions mentioned is parameterization of a user-defined auxiliary
function. Only "M" is allowed as a "type" parameter of the user-defined auxiliary function.
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Parameter assignment

Association of a user-defined auxiliary function with one of the predefined auxiliary functions
mentioned is set in the machine data:

MD22254 $MC_AUXFU_ASSOC_MO_VALUE (additional M function for program stop)
MD22256 $MC_AUXFU_ASSOC_M1_VALUE (additional M function for conditional stop)

Group assignment

The group assignment of an associated user-defined auxiliary function is always the group
assignment of the corresponding predefined auxiliary function.

Application
Associated auxiliary functions can be used in:
® Main program
® Subroutine

e (Cycle

Note

Associated auxiliary functions may not be used in synchronized actions.

NC/PLC interface signals

In the case of an associated user-defined auxiliary function, the same signals are output to
the NC/PLC interface as for the corresponding predefined auxiliary function. To distinguish
which auxiliary function has actually been programmed, the value of the user-defined
auxiliary function ("value" parameter) is output as the value of the auxiliary function. This
means it is possible to distinguish between predefined and user-defined auxiliary functions in
the PLC user program.

Note

A change in machine data MD22254 and/or MD22256 may require corresponding
adjustment of the PLC user program:

Specific NC/PLC interface signals

The following specific NC/PLC interface signals are available:

e DB21, ... DBX318.5 (associated MO0O/M01 active) feedback signal
e DB21, ... DBX30.5 (activate associated M01) activation signal
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7.5 Type-specific output behavior

Boundary conditions
Please note the following boundary conditions:
e A user-defined auxiliary function may not be multiply associated.

® Predefined auxiliary functions (e.g. M3, M4, M5 etc.) may not be associated.

Example

Associating the user-defined auxiliary function M123 with MO:

MD22254 $MC_AUXFU_ASSOC_MO_VALUE = 123

The user-defined auxiliary function M123 thus has the same functionality as MO.
7.5 Type-specific output behavior
Function

The output behavior of auxiliary functions relative to a traversing motions programmed in the
parts program block can be defined type-specifically.

Parameter assignment
Parameters are assigned to type-specific output behavior via the machine data:
MD22200 $MC_AUXFU_M_SYNC_TYPE (output time for M functions)
MD22210 $MC_AUXFU_S_SYNC_TYPE (output time for S functions)
MD22220 $MC_AUXFU_T_SYNC_TYPE (output time for T functions)
MD22230 $MC_AUXFU_H_SYNC_TYPE (output time for H functions)
MD22240 $MC_AUXFU_F_SYNC_TYPE (output time for F functions)
MD22250 $MC_AUXFU_D_SYNC_TYPE (output time for D functions)
MD22252 $MC_AUXFU_DL_SYNC_TYPE (output time for DL functions)
The following output behaviors can be parameterized:
MD $MC_AUXFU_xx_SYNC_TYPE = <value>

Value | Output behavior

0 Output prior to motion

1 Output during motion

2 Output at block end

3 No output to the PLC

4 Output according to the output behavior defined with MD22080
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7.5 Type-specific output behavior

For a description of the various output behaviors, see the section titled "Output behavior
(Page 394)".

Note

For the output behavior that can be set for each type of auxiliary function, please refer to the
"Detailed Description of Machine Data" Parameter Manual.

Example

Output of auxiliary functions with different output behaviors in a part program block with
traverse movement.

Output behavior for which parameters have been assigned:

MD22200 $MC_AUXFU_M_SYNC_TYPE = 1 = M function:

Output during motion
MD22220 $MC_AUXFU_T_SYNC_TYPE =0 = T function:

Output prior to motion
MD22230 $MC_AUXFU_H_SYNC_TYPE =2 = H function:

Output at the end of the block

Parts program block:

Program code

N10 GOl X100 MO7 H5 TS5

Time sequence for auxiliary function output:

[ 1] RN

X100 v N

FEEr et ettty rrrrrrnd

T5 [ 1] FLEEE Ryt

T

NERE FEEEEEEr et

MO7] |H|||||||||| EREREER

FEEP ettty et e

H5 Ittt
Frryrrrrrrrrrrrrr e rr e t

FEIyP et ettty rrrrtd

L1 1 ) NS N N N O N I | ) N N I |

> Start N10
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7.6 Priorities of the output behavior for which parameters have been assigned

7.6

Priorities of the output behavior for which parameters have been
assigned

The following priorities must be observed for the following areas in connection with the
parameterized output behavior of an auxiliary function:

e Qutput duration (normal / quick acknowledgement)
e OQutput relative to motion (prior to / during / after the motion)

As a general rule, the parameterized output behavior with lower priority becomes active if no
output behavior with higher priority has been parameterized.

Output duration

The following priorities apply to the output duration:

Priority

Output behavior Defined via:

Highest

Auxiliary function-specific Part program instruction: QU(...)
(see Section "Programmable output duration (Page 408)")

Auxiliary function-specific MD22035 $MC_AUXFU_ASSIGN_SYNC[<n>]
MD22080 $MC_AUXFU_PREDEF_SYNC[<n>]

U

Group-specific MD11110 $MC_AUXFU_GROUP_SPEC[<n>]

Lowest

Not defined Default output behavior: Output duration one OB1 cycle

Output relative to motion

The following rules apply to output relative to motion:

406

Priority Output behavior Defined via:

Highest Auxiliary function-specific MD22035 $MC_AUXFU_ASSIGN_SYNC[<n>]
MD22080 $MC_AUXFU_PREDEF_SYNC[<n>]

I Group-specific MD11110 $MC_AUXFU_GROUP_SPEC[<n>]

! Type-specific MD22200 $MC_AUXFU_M_SYNC_TYPE
MD22210 $MC_AUXFU_S_SYNC_TYPE
MD22220 $MC_AUXFU_T_SYNC_TYPE
MD22230 $MC_AUXFU_H_SYNC_TYPE
MD22240 $MC_AUXFU_F_SYNC_TYPE
MD22250 $MC_AUXFU_D_SYNC_TYPE
MD22252 $MC_AUXFU_DL_SYNC_TYPE

Lowest Not defined Default output behavior: Output at block end

Note

Part program blocks without path motion

In a part program block without a path motion (even those with positioning axes and
spindles), the auxiliary functions are all output immediately in a block.

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1



H2: Auxiliary function outputs fo PLC
7.7 Programming an auxiliary function

7.7 Programming an auxiliary function

Syntax

An auxiliary function is programmed in a part program block with the following syntax:
<Type> [<Address extension>=]<Values

Note
If no address extension is programmed, the address extension is implicitly set = 0.

Predefined auxiliary functions with the address extension = 0 always refer to the master
spindle of the channel.

Symbolic addressing

The values for the "address extension" and "value" parameters can also be specified
symbolically. The symbolic name for the address extension must then be stated in brackets.

Example:

Symbolic programming of the auxiliary function M3 (spindle right) for the first spindle:

Program code Comment

DEF SPINDEL NR=1 ; First spindle in the channel
DEF DREHRICHTUNG=3 ; Clockwise direction of rotation

N100 M[SPINDEL NR] = DREHRICHTUNG ; corresponding to: M1=3

Note

If you use symbolic names to program an auxiliary function, the symbolic name is not
transferred when the auxiliary function is output to the PLC. The corresponding numerical
value is transferred instead.

Examples

Example 1: Programming of predefined auxiliary functions

Program code Comment

N10 M3 ; "Spindle right" for the master spindle of the channel.
N20 MO=3 ; "Spindle right" for the master spindle of the channel.
N30 M1=3 ; "Spindle right" for the 1st spindle of the channel.
N40 M2=3 ; "Spindle right" for the 2nd spindle of the channel.

Basic Functions
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7.8 Programmable output duration

7.8

Function

Syntax

Example

408

Example 2: Programming examples of auxiliary functions with the corresponding values for

output to the PLC

Programmable output duration

Program code Comment

DEF Coolant=12 ; Output to PLC: - - -
DEF Lubricant=130 ; Output to PLC: - - -
H[coolant]=lubricant ; Output to PLC: H12=130
H=coolant ; Output to PLC: HO0=12

H5 ; Output to PLC: HO=5
H=5.379 ; Output to PLC: H0=5.379
H17=3.5 ; Output to PLC: H17=3.5
H[coolant]=13.8 ; Output to PLC: H12=13.8
H="HFF13"' ; Output to PLC: H0=65299
H='B1110" ; Output to PLC: HO0=14
H5.3=21 ; Error

User-specific auxiliary functions, for which the output behavior "Output duration of an OB1
cycle (slow acknowledgement)" was parameterized, can be defined for individual outputs via
the parts program guide ou (Quick) for auxiliary functions with quick acknowledgement.

An auxiliary function with quick acknowledgment is defined in a part program block with the

following syntax:

<Type>[<Address extensions>]=QU (<Values)

Different behavior for the output of the auxiliary functions M100 and M200 in a parts
program. The output behavior of the auxiliary functions is parameterized as follows:

e M100

— Output duration one OB1 cycle (slow acknowledgment)

— Output during motion
e M200

— Output duration one OB1 cycle (slow acknowledgment)

— Output prior to motion

Basic Functions
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Basic Functions

Program code

Comment

7.8 Programmable output duration

1)

N10 G94 GO1 X50 M100

Y5 M100 M200

Y0 M=QU(100)

M=QU (200)

N40 XO

N50 M100 M200

M17

; Output of M100:
; Acknowledgment :
; Output of M200:
; Output of M100:
; Acknowledgment :
; Output of M200:
; Output of M100:

; Acknowledgement:

Output of M200:

; Output of M100:

Acknowledgment:

during the motion
slow

prior to the motion
during the motion
slow

prior to the motion
during the motion

quick

immediate 1)
immediate 1)

slow

Without a traverse movement, auxiliary functions are always output to the PLC immediately.

The following figure shows the time sequence of the part program. Please note the time
difference during the processing of parts program blocks N20 and N30.

X axis

Y axis

M100
M200

Block number

Strobe from NCK and
acknowledgment by basic
PLC program

M100

M200

M100 change (IS)

M200 change (IS)

PLC cycle time

(0OB1)

)

.l@
ilie

[= p

11

T80

| N20 IN30 | N40 | N50 |
| |
| | |
: i |
- 1 : 1
I ) 1
|
|

- 0 =5

"OB1
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7.9 Auxiliary function output fo the PLC

7.9 Auxiliary function output to the PLC

Function

On output of an auxiliary function to the PLC, the following signals and values are transferred
to the NC/PLC interface:

® Change signals
e "Address extension" parameter

e "Value" parameter

Data areas in the NC/PLC interface

The change signals and values of the auxiliary functions are within the following data areas
in the NC/PLC interface:

® Change signals for auxiliary function transfer from NC channel:
DB21, ... DBB58 - DBB67
® Transferred M and S functions:
DB21, ... DBB68 - DBB112
® Transferred T, D and DL functions:
DB21, ... DBB116 - DBB136
e Transferred H and F functions:
DB21, ... DBB140 - DBB190
® Decoded M signals (MO - M99):
DB21, ... DBB194 - DBB206 (dynamic M functions)

For information on the access procedure to the NC/PLC interface, see Section "P3: Basic
PLC program for SINUMERIK 840D sl (Page 809)".

A detailed description of the above data areas in the NC/PLC interface can be found in:

References:
List Manual, Lists, Book 2; PLC User Interfaces,
Section: Channel-specific signals (DB 21 - DB 30)"

Basic Functions
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7.10

Function

7. 10 Auxiliary functions without block change delay

Auxiliary functions without block change delay

For auxiliary functions with parameterized and/or programmed output behavior, too:
e "Qutput duration one OB40 cycle (quick acknowledgment)"
e "Qutput before the motion" or "Output during the motion"

there may be drops in velocity in continuos-path mode (short traverse paths and high
velocities). This the system has to wait for acknowledgment of the auxiliary function by the
PLC toward the end of the block. To avoid these velocity drops, the block change can be
made irrespective of whether such auxiliary functions have been acknowledged:

Parameter assignment

Suppression of the block change delay with quick auxiliary functions is set via the machine
data:

MD22100 $MC_AUXFU_QUICK_BLOCKCHANGE (block change delay with quick auxiliary
functions)

Value | Meaning

0 In the case of quick auxiliary function output to the PLC, the block change is delayed until
acknowledgment by the PLC (OB40).

1 In the case of quick auxiliary function output to the PLC, the block change is not delayed.

Boundary conditions

7.11

Function

Basic Functions

Synchronism of auxiliary functions that are output without a block change delay is no longer
ensured for the part program block in which they are programmed. In the worst case
scenario, acknowledgment comes one OB40 cycle and execution of the auxiliary function
comes one OB1 cycle after the change to the next part program block.

M function with an implicit preprocessing stop

Triggering a preprocessing stop in conjunction with an auxiliary function can be programmed
explicitly via the storre part program command. Always triggering a preprocessing stop in M
function programming can be parameterized for each M function via the following machine
data:

MD10713 $MN_M_NO_FCT_STOPRE[<n>] (M function with preprocessing stop)
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7.12 Response to overstore

Example
The user-defined M function M88 is intended to trigger a preprocessing stop.
Parameter assignment:
MD10713 SMN_M_NO_FCT_STOPRE [0 ] = 88
Application:

Parts program (extract)

Program code Comment

N100 GO X10 M88 ; Traversing motion and implicit preprocessing stop via M88

N110 Y=R1 ; N110 is only interpreted after the traversing motion has
been completed and the M function has been acknowledged.

Boundary conditions

If a subroutine called indirectly via an M function in a part program in one of the following
ways, no preprocessing stop is performed:

e MD10715 $MN_M_NO_FCT_CYCLE (M function to be replaced by subroutine)
e M98 (ISO dialect T / ISO dialect M)

712 Response to overstore

Overstore
On the SINUMERIK operator interface, before starting the following functions:
® NC START of a part program
® NC START to resume an interrupted part program

the auxiliary functions that are output at the start can be changed by the "Overstore"
function.

Possible applications include:
® Addition of auxiliary functions after block search

e Restoring the initial state to position a part program

Basic Functions
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7. 13 Behavior during block search

Types of auxiliary functions that can be overstored
The following types of auxiliary functions can be overstored:
e M (special function)
® S (spindle speed)
® T (tool number)
® H (aux. function)
e D (tool offset number)
e DL (additive tool offset)
e [ (feed)

Duration of validity

An overstored auxiliary function, e.g. M3 (spindle right), is valid until it is overwritten by
another auxiliary function from the same auxiliary function group, by additional overstoring or
by programming in a part program block.

713 Behavior during block search
7.13.1 Auxiliary function output during type 1, 2, and 4 block searches
Output behavior

In the case of type 1, 2, and 4 block searches, the auxiliary functions are collected on the
basis of specific groups. The last auxiliary function in each auxiliary function group is output
after NC-START in a separate part program block before the actual reentry block, and has
the following output behavior:

e Qutput duration of one OB1 cycle (normal acknowledgement)

® Qutput prior to motion

Basic Functions
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7. 13 Behavior during block search

Output control

Whether or not the auxiliary function is output to the PLC after a block search can be
configured via bit 8 of the machine data:

e MD22080 $MC_AUXFU_PREDEF_SPEC[<n>]
(output behavior of predefined auxiliary functions)
where <n> = system function index (0 ... 32)

e MD22035 $MC_AUXFU_ASSIGN_SPEC[<n>]
(output behavior of user-defined auxiliary functions)
where <n> = auxiliary function index (0 ... 254)

e MD11110 $MN_AUXFU_GROUP_SPEC[<n>]
(output behavior of the auxiliary functions in a group)

where <n> = group index (0 ... 63)

Bit Value Meaning_;

10 0 Output during type 1, 2, and 4 block searches

1 No output during type 1, 2, and 4 block searches

This behavior does not affect the display and does not affect variables
$AC_AUXFU_STATE[<n>], $AC_AUXFU_VALUE[<n>], and $AC_AUXFU_EXT[<n>].

The auxiliary functions are always regarded as collected after a block search, even though
they are not output to the PLC.

During collection, an auxiliary function that is not output after a block search also overwrites
an auxiliary function whose bit 8 is not set.

The user can scan the collected auxiliary functions after a block search and, under certain
circumstances, output them again by means of the subprogram or synchronized actions.

Note

The following auxiliary functions are not collected:

e Auxiliary functions which are not assigned to any auxiliary function group.
¢ Auxiliary functions which are assigned to the first auxiliary function group.

Overstorage of auxiliary functions

After completion of a block search, the collected auxiliary functions are ouput on the next
NC-START. If it is necessary to output additional auxiliary functions, they can be added via
the "Overstore" function (see Section "Response to overstore (Page 412)").

Basic Functions
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7. 13 Behavior during block search

M19 behavior (position spindle)

7.13.2

Function

Example

Basic Functions

After a block search, the last spindle positioning command programmed with M19 is always
carried out, even if other spindle-specific auxiliary functions are programmed between the
part program with M19 and the target block. Setting the necessary spindle enables must
therefore be derived from the interface signals of the traverse commands in the PLC user
program;

DB31, ... DBX64.6/64.7 (traversing command minus/plus)

In this case, the spindle-specific auxiliary functions M3, M4, and M5 are not suitable because
they might not be output to the PLC until after the spindle positioning.

For detailed information on the block search, see Section "K1: Mode group, channel,
program operation, reset response (Page 451)".

Assignment of an auxiliary function to a number of groups

User-defined auxiliary functions can also be assigned to multiple groups via the group
assignment (MD22000 $MC_AUXFU_ASSIGN_GROUP). During the block search these
auxiliary functions are collected for all the configured groups.

Note

Predefined auxiliary functions can only be assigned to one group.

The DIN includes the following M-commands for coolant output:
® M7: Coolant 2 ON
® M8: Coolant 1 ON
® M9: Coolants 1 and 2 OFF
Consequently, both coolants can also be active together:
e |f M7 and M8 are collected in two separate groups (e.g. groups 5 and 6)
® |f M9 has to be assigned to these two groups, e.g.
— Group 5: M7, M9
— Group 6: M8, M9
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7. 13 Behavior during block search

416

Parameterization:

MD11100 $MN_AUXFU_MAXNUM_GROUP_ASSIGN =4
MD22000 $MC_AUXFU_ASSIGN_GROUP [0] = 5
MD22000 $MC_AUXFU_ASSIGN_GROUP [1] =5
MD22000 $MC_AUXFU_ASSIGN_GROUP [2] = 6
MD22000 $MC_AUXFU_ASSIGN_GROUP [3] = 6
MD22010 $MC_AUXFU_ASSIGN_TYPE [0] = M
MD22010 $MC_AUXFU_ASSIGN_TYPE [1] =M
MD22010 $MC_AUXFU_ASSIGN_TYPE [2] =M
MD22010 $MC_AUXFU_ASSIGN_TYPE [3] =M
MD22020 $MC_AUXFU_ASSIGN_EXTENSION [0] =0
MD22020 $MC_AUXFU_ASSIGN_EXTENSION [1]=0
MD22020 $MC_AUXFU_ASSIGN_EXTENSION [2] =0
MD22020 $MC_AUXFU_ASSIGN_EXTENSION [3] =0
MD22030 $MC_AUXFU_ASSIGN_VALUE [0] =7
MD22030 $MC_AUXFU_ASSIGN_VALUE [1]1=9
MD22030 $MC_AUXFU_ASSIGN_VALUE [2] = 8
MD22030 $MC_AUXFU_ASSIGN_VALUE [3] =9
MD22035 $MC_AUXFU_ASSIGN_SPEC [0] = 'H121"
MD22035 $MC_AUXFU_ASSIGN_SPEC [1] = 'H121
MD22035 $MC_AUXFU_ASSIGN_SPEC [2] = 'H121'
MD22035 $MC_AUXFU_ASSIGN_SPEC [3] = 'H121"

Part program (section):

Program code

N10 ... M8
N20 ... M9
N30 ... M7

During the block search, the auxiliary function M9 is collected for groups 5 and 6.
Scan of the collected M auxiliary functions:

M function of the fifth group: $AC_AUXFU_M_VALUE [4] =7

M function of the sixth group: $AC_AUXFU_M_VALUE [5] = 9

Basic Functions
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7.13.3

7.13.4

Function

Example

Basic Functions

7. 13 Behavior during block search

Time stamp of the active M auxiliary function

When outputting collected auxiliary functions following a block search, attention must be paid
to the sequence during collecting. For this reason, each group is assigned a time stamp
which can be queried on a group-specific basis by way of the system variable below:

$AC_AUXFU_M_TICK[<n>] (time stamp of the active M auxiliary function)

Determining the output sequence

The following predefined procedure is provided to simplify the process of determining the
output sequence of M auxiliary functions for the programmer:

AUXFUMSEQ (VAR INT NUM IN, VAR INT M IN[], VAR INT EXT IN[], VAR
INT NUM OUT, VAR INT M OUT[], VAR INT EXT OUT[])

Input parameters:

VAR INT _NUM_IN: Number of relevant M commands
VAR INT M IN[]: Field of relevant M codes
VAR INT _EXT IN[]: Field of relevant M address extensions

Output parameters:

VAR INT _NUM_OUT: Number of determined M codes
VAR INT M OUT[]: Field of determined M codes
VAR INT _EXT OUTI[]: Field of determined M address extensions

The function determines the sequence in which the M auxiliary functions, which have been

collected on a group-specific basis, are output for the predefined M codes. The sequence is
determined from the collection times $AC_AUXFU_M_TICK[<n>] (see Section "Time stamp
of the active M auxiliary function (Page 417)").

A particular M code is only taken into account once, even if it belongs to more than one
group. If the number of relevant M commands is less than or equal to 0, all the collected M
codes are output. The number of relevant M commands is limited to 64.

M commands for coolant output:
M7: Coolant 2 ON

M8: Coolant 1 ON

M9: Coolants 1 and 2 OFF
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7.13.5

Function

418

Group assignment:
e Group 5: M7, M9
e Group 6: M8, M9

Part program (section):

Program code

N10 ... M8
N20 ... M9
N30 ... M7

During block searches, the auxiliary functions are collected on the basis of specific groups.
The last auxiliary function in an auxiliary function group is output to the PLC following a block
search:

e Group 5: M7
e Group 6: M9

If they are output in the sequence M7 - M9, no coolant is then active. However, coolant 2
would be active during the execution of the program. Therefore, the correct output sequence
for the M auxiliary functions is determined with an ASUP which contains the predefined
procedure AUXFUMSEQ(...) :

Program code

DEF INT I, M IN([3], EXT IN[3], NUM OUT, M OUT[2], EXT OUT[2]
M _IN[0]=7 _EXT IN[0]=0
_M_IN[1]=8 EXT IN[1]=0
M _IN[2]=9 EXT IN[2]=0
AUXFUMSEQ (3, M IN, EXT IN, NUM OUT, M OUT, EXT OUT)
FOR I = 0 TO _NUM OUT-1
M[ EXT OUT[ I]]= M OUT[ I]

ENDFOR

Output suppression of spindle-specific auxiliary functions

In certain situations, such as a tool change, it may be necessary not to output the spindle-
specific auxiliary functions collected during the block search in action blocks, but to delay
output, for example, until after a tool change. The automatic output of the spindle-specific
auxiliary functions after a block search may be suppressed for this purpose. Output can then
be performed manually later by overstoring or by an ASUB.

Basic Functions
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7. 13 Behavior during block search

Parameterization

Suppression of the automatic output of the spindle-specific auxiliary functions after a block
search is set via machine data:

MD11450 $MN_SEARCH_RUN_MODE (behavior after a block search)

Bit |Value |Meaning

2 0 The output of the spindle-specific auxiliary functions is performed in the action
blocks.
1 Output of the auxiliary functions is suppressed in the action blocks.

System variables

The spindle-specific auxiliary functions are always stored in the following system variables
during block searches, irrespective of the parameter assignment described above:

System variable Description
$P_SEARCH_S [<n>] Accumulated spindle speed
Range of values: ‘ 0 ... Smax
$P_SEARCH_SDIR [<n>] Accumulated spindle direction of rotation
Range of values: ‘ 3,4,5,-5,-19,70
$P_SEARCH_SGEAR [<n>] Accumulated spindle gear stage M function
Range of values: ‘ 40 ... 45
$P_SEARCH_SPOS [<n>] Accumulated spindle position

Range of values: 0 ... MD30330 $SMA_MODULO_RANGE
(size of the module range)

or

Accumulated traversing path

Range of values: ‘ -100.000.000 ... 100.000.000
$P_SEARCH_SPOSMODE [<n>] Accumulated position approach mode

Range of values: ‘ 0..5

For later output of the spindle-specific auxiliary functions, the system variables can be read
in an ASUB, for example, and output after the action blocks are output:

DB21, ... DBX32.6 = 1 (last action block active)

Note

The contents of the system variables $P_S, $P_DIR and $P_SGEAR may be lost after block
search due to synchronization operations.

For more detailed information on ASUB, block search and action blocks, see Section "K1:
Mode group, channel, program operation, reset response (Page 451)".
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Example

420

Block search for contour with suppression of output of the spindle-specific auxiliary functions
and start of an ASUB after output of action blocks.

Parameterization: MD11450 $SMN_SEARCH_RUN_MODE, bit 2 =1
After the block search on N55, the ASUB is started.

Part program:

Program code Comment

NO5 M3 S200 ; Spindle 1

N10 G4 F3

N15 SPOS=111 ; Spindle 1 is positioned to 111 degrees in the ASUB
N20 M2=4 S2=300 ; Spindle 2

N25 G4 F3

N30 SPOS[2]=IC(77) ; Spindle 2 traverses incrementally by 77 degrees
N55 X10 GO ; Target block

N60 G4 F10

N99 M30

ASUB:

Program code Comment

PROC ASUP_SAVE
MSG ("Output of the spindle functions")

DEF INT SNR=1

AUSG_SPI:

M[SNR] =$P_SEARCH_SGEAR [SNR] ; Output gear stage

S [SNR]=$P SEARCH S[SNR] ; Output speed (for M40, a suitable
- - gear stage i1s determined)

M[SNR] =$P SEARCH SDIR[SNR] ; Output direction of rotation,
- - positioning or axis mode

SNR=SNR+1 ; Next spindle

REPEAT AUSG_SPI P=$P_NUM SPINDLES-1 ; For all spindles

MSG("")

REPOSA

RET

Explanation of example

If the number of spindles is known, outputs of the same type can be written in one part
program block to reduce program runtime.

Output of $P_SEARCH_SDIR should be made in a separate part program block because
spindle positioning or switchover to axis mode in conjunction with the gear change can
cause an alarm.

If the ASUB which has been started is ended with rerosa, spindle 1 remains at position 111
degrees, while spindle 2 is repositioned at position 77 degrees.

Basic Functions
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If a different response is required, the program sequence for block search (for example) "vos
M3 s..." and "N30 spos([2] = IC(...)"requires special treatment.

Whether block search is active can be ascertained in the ASUB via the system variable
$P_SEARCH.
$P_SEARCH==1 ; Block search active

In the case of incremental positioning after speed control operation, the path to be traversed
is defined but, in some cases, the final position reached only becomes known during
positioning. This is the case, for example, during position calibration on crossing the zero
mark when switching on position control. For this reason, the distance programmed after the
zero position is accepted as the REPOS position (rerosa in the ASUB).

Supplementary conditions
Collected S values

The meaning of an S value in the part program depends on the feed type that is currently

active:
G93, G94, G95, G97, G971 : The S value is interpreted as the speed
G96, G961: The S value is interpreted as a constant cutting rate

If the feed operation is changed (e.g. for a tool change) before output of the system variable
$P_SEARCH_S, the original setting from the target block in the part program must be
restored to avoid use of the wrong type of feed.

Collected direction of rotation

For output of the direction of rotation, the system variable $P_SEARCH_SDIR is assigned
default value "-5" at the start of the block search. This value has no effect on output.

This ensures that the last spindle operating mode is retained for a block search across
program sections in which spindles are not programmed with a direction of rotation,
positioning or axis mode.

The programming of M19, SPOS, and SPOSA is collected as "M-19" (internal M19) in the
system variables $P_SEARCH_SDIR as an alternative to M3, M4, M5, and M70.

For the output of "M-19", the positioning data is read internally from the system variables
$P_SEARCH_SPOS and $P_SEARCH_SPOSMODE. Both system variables can also be
written to, in order, for example, to make corrections.

Note

Because of the assignments described above (e.g. M[<n>] = $P_SEARCH_SDIR[<n>]), the
values "-5" and "-19" generally remain hidden from the user and only have to be observed in
the case of special evaluation of the system variables in the ASUB.
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7.13.6 Auxiliary function output with a type 5 block search (SERUPRO)

Output behavior

Output control

422

In the case of type 5 block searches (SERUPRO), an auxiliary function can be output to the
PLC during the block search and/or collected on a group-specific basis in the following
system variables:

e $AC_AUXFU_PREDEF_INDEX[<n>] (index of a predefined auxiliary function)
e $AC_AUXFU_TYPE[<n>] (type of auxiliary function)

o $AC_AUXFU_STATE[<n>] (output state of the auxiliary function)

e $AC_AUXFU_EXT[<n>] (address extension of the auxiliary function)

e $AC_AUXFU_VALUE[<n>] (value of the auxiliary function)

For a description of the system variables, see Section "Querying system variables
(Page 435)".

Whether an auxiliary function is output to the PLC during a type 5 block search (SERUPRO)
and/or collected on a group-specific basis in the following system variables can be
configured via bits 9 and 10 of the machine data:

e MD22080 $MC_AUXFU_PREDEF_SPEC[<n>]
(output behavior of predefined auxiliary functions)
where <n> = system function index (0 ... 32)

e MD22035 $MC_AUXFU_ASSIGN_SPEC[<n>]
(output behavior of user-defined auxiliary functions)
where <n> = auxiliary function index (0 ... 254)

e MD11110 $MN_AUXFU_GROUP_SPEC[<n>]
(output behavior of the auxiliary functions in a group)

where <n> = group index (0 ... 63)

Bit Value | Meaning
9 0 No collection during type 5 block searches (SERUPRO)
1 Collection during type 5 block searches (SERUPRO)
10 0 Output during type 5 block searches (SERUPRO)
1 No output during type 5 block searches (SERUPRO)
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Output counter

7. 13 Behavior during block search

The user can output the collected auxiliary functions to the PLC on a channel-by-channel
basis in the block search ASUB. For the purposes of serialized output via multiple channels,
the three output counters are changed across all the channels each time an auxiliary
function is output:

System variable Meaning

$AC_AUXFU_TICK[<n>,<m>] Output counter of the active auxiliary function
Index | Meaning

<n> | Group index (0 to 63)

<m> | Output counter (0 ... 2)

Value | Meaning
0 Output sequence counter (all outputs within an
IPO cycle)
1 Package counter within an output sequence in
the IPO cycle
2 Auxiliary function counter within a package

Explanation
® An auxiliary function package comprises a maximum of ten auxiliary functions.

® Two packages can be processed per IPO cycle in each channel during SERUPRO
because synchronized actions are processed in this cycle.

e An output sequence of up to a maximum of 20 packages (2 packages per channel * 10
channels) can be processed within an IPO cycle across all channels.

The encoding indicates how many auxiliary function packages and, within these, how many

auxiliary functions have been processed during the same IPO cycle:

® Auxiliary functions which have been collected in one IPO cycle have the same sequence
counter.

e Auxiliary functions which have been collected in one package (block or synchronized
action) all have the same package counter.

The total on the auxiliary function counter increases every time an auxiliary function is
collected.

Global list of auxiliary functions

Basic Functions

At the end of SERUPRO, the auxiliary functions collected on a group-specific basis in the
individual channels are entered in a cross-channel list with the channel number and group
index according to their counter state.

System variable 1 Meaning
$AC_AUXFU_TICK[<n><m>] Counter value
$AN_AUXFU_LIST_CHANNOI[<n>] 2 Channel number
$SAN_AUXFU_LIST_GROUPINDEX[<n>] 2 Group index

1) Value range index <n>: 0 ... MAXNUM_GROUPS * MAXNUM_CHANNELS - 1
2) The system variables can be read and written.
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Channel 1

Channel 2

Channel 10

n =63 (MAXNUM_GROUPS)

‘ n=..

n=0
$AC_AUXFU_PREDEF_INDEX[n]

n =63 (MAXNUM_GROUPS)

‘ n=..

n=0
$AC_AUXFU_PREDEF_INDEX[n]

n = 63 (MAXNUM_GROUPS)

‘ n=..

n=0
$AC_AUXFU_PREDEF_INDEX]n]

$AC_AUXFU_TYPE[n] $AC_AUXFU_TYPE[n] $AC_AUXFU_TYPE[n]
$AC_AUXFU_EXTIn] $AC_AUXFU_EXTIn] $AC_AUXFU_EXT[n]
$AC_AUXFU_VALUE[n] $AC_AUXFU_VALUE[n] $AC_AUXFU_VALUE]n]
$AC_AUXFU_STATE[n] SAC $AC_AUXFU_STATE[n]
$AC_AUXFU_SPECIn] $AC_AUXFU_SPECIn]
$AC_AUXFU_TICK[n] $AC_AUXFU_TICKn]

_AUXFU_STATE[n]
$AC_AUXFU_SPEC[n]
$AC_AUXFU_TICK|n]

Y
Global list of auxiliary functions

n=0 ... MAXNUM_GROUPS * MAXNUM_CHANNELS - 1 n $AN_AUXFU_LIST_GROUPINDEX[n] SAN_AUXFU_LIST_CHANNOI[N]
0 2 1
1 3 1
2 2 2
3 3 2
4 5 1
5 10 1
6 0 1
7 8 1
8 5 2
9 7 3
10 3 4
L 2 4
$AN_AUXFU_LIST_ENDINDEX 12 0 0
0 0
0 0
639 0 0

The global list is structured on the basis of the sequence in which the search target was
found. It is intended to be used as a system proposal for auxiliary functions to be output in
the following ASUB at the end of SERUPRO. If an auxiliary function is not to be output, the
corresponding group index is to be set to "0".

Behavior regarding spindle auxiliary functions

Following the start of the search, all the channels collect the auxiliary functions in the
channel variables on a group-specific basis. In order to perform a far-reaching restoration of
the spindle state in the SERUPRO target block using the collected auxiliary functions, the
last active auxiliary function in any group of spindle auxiliary functions must characterize the
state of the spindle in the target block. In the case of transitions in spindle states, obsolete
auxiliary functions are deleted or, if necessary, implicit auxiliary functions are entered.

All the spindle auxiliary functions from the global auxiliary function list must correspond to the
spindle states achieved in the target block to enable the auxiliary functions to be processed
when the list is output and to ensure that no alarms or unintended spindle states are
requested which could prevent the continuation of the part program.

Basic Functions
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This affects the groups of auxiliary functions for any spindle configured in the system,
whereby the spindle number corresponds to an auxiliary function's address extension.

Group a: M3, M4, M5, M19, M70
Group b: M40, M41, M42, M43, M44, M45
Group c: S

Deleting obsolete auxiliary functions

In the functions below, the auxiliary functions from group a are deleted for the spindle
concerned:

® For the following spindle when a generic coupling, such as COUPON, TRAILON, EGON,
etc. is switched on

Generating implicit auxiliary functions from group a

In the functions below, the auxiliary functions from group a are generated implicitly for the
spindle concerned:

® For the following spindle when the synchronous spindle coupling is switched off

— COUPOF generates M3, M4 and S or M5 in the main run depending on the coupling
situation.

— COUPOF(S<n>, S<m>, POS) and COUPOFS(S<n>, S<m>, POS, POS) generate M3,
M4 and S.

— COUPOFS generates M5 in the main run.
— COUPOFS(S<n>, S<m>, POS) generates M19 in the main run.

The implicit M19 ("SPOS[<address extension>] = IC(0)" in the ASUB) activates the
positioning mode without a traversing motion.

e M70 is generated during a traversing motion as an axis or during the transition to axis
mode by selecting a transformation during which the spindle enters as an axis.

® M5 is generated during SPCOF.

Note

Within the context of the "axis interchange" and "axis container rotation" functions, the
auxiliary functions for programming the spindle must always be specified in a way which
ensures compatibility with the actual (motor) state during interchange/rotation. A distinction is
made here between the axis interchange and axis container mechanisms.

Example of axis container rotation:

An axis container has four spindles, each assigned to a separate channel (1 - 4). M3 S1000
is always programmed in channel 1, and an axis container rotation is then executed. The
other channels do not perform any spindle programming. Following the third axis container
rotation and the fourth spindle programming, M3, all four spindles rotate clockwise at a
speed of 1,000 rpm. If the end of the SERUPRO now lies within this range, every ASUB for a
channel is expected to contain an M3 S1000 for the local spindle.

During interchange however, the collected auxiliary functions may only be assigned to the
channel where the spindle is currently located.

Basic Functions
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Cross-channel auxiliary function

An auxiliary function can also be collected on a cross-channel basis in the global auxiliary
function list in the case of type 5 block searches (SERUPRO). Only the last auxiliary function
collected from this group (highest counter state) is entered in the global list.

The appropriate configuring is performed with the following machine data:
e MD22080 $MC_AUXFU_PREDEF_SPEC[<n>], Bit 11
(output behavior of predefined auxiliary functions)
where <n> = system function index
e MD22035 $MC_AUXFU_ASSIGN_SPEC[<n>], Bit 11
(output behavior of user-defined auxiliary functions)
where <n> = auxiliary function index
e MD11110 $MN_AUXFU_GROUP_SPEC[<n>], Bit 11
(output behavior of the auxiliary functions in a group)

where <n> = group index

Bit Value Meaning_;

11 0 Channel-specific collection

1 Cross-channel collection

The spindle auxiliary functions are filtered out beforehand at the end of the search
depending on the spindle state. The channel data is updated accordingly. The global
auxiliary function list can be processed sequentially in the ASUBs at the end of the
SERUPRO, and the sorted auxiliary functions can be output with channel synchronization.

Querying the last auxiliary function collected

7.13.7

Function

426

The index of the last auxiliary function collected in the global list can be queried using the
system variable SAN_AUXFU_LIST_ENDINDEX.

ASUB at the end of the SERUPRO

After completing the block search with the program test (SERUPRO), before starting the
subsequent processing, the auxiliary functions collected during the search must be output.
For this purpose, during the block search, the auxiliary functions are collected in a global list.
The SERUPRO end ASUBs generate the corresponding part program blocks channel-
specific from this list. This ensures that the collected auxiliary functions can be output both
channel-specific as well as cross-channel in the correct sequence. A fully functional
SERUPRO end ASUB is a component of the NCK software.

Basic Functions
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Users/machinery construction OEMs can change the SERUPRO end ASUB. The
subsequently described functions support processing the global list of auxiliary functions and
generating the part program blocks required for synchronized auxiliary function output.

Function AUXFUSYNC(...)
Function:

The function auxrusync generates a complete part program block as string from the global list
of auxiliary functions at each call. The part program block either contains auxiliary functions
or commands to synchronize auxiliary function outputs (wartM, ¢4, etc.).

The function triggers a preprocessing stop.

Syntax:
PROC AUXFUSYNC (VAR INT <NUM>, VAR INT <GROUPINDEX>[10], VAR
STRING[400] <ASSEMBLED>)

Parameters:

<NUM>: Contains information about the part program block, supplied in
parameter <assemeLED> Or the auxiliary functions contained in it.

Value range: -1, 0,1 ... 10
Value Meaning

=1 Number of auxiliary functions contained in the part program
block

0 Part program block without auxiliary functions, e.g. wartw, a4

-1 End identifier. The global list of auxiliary functions has been
completely processed for the actual channel.

<GROUP INDEX>: Contains the indices of the auxiliary function groups contained in the
part program block. With index = number of the auxiliary function
group - 1

<ASSEMBLED>: Contains the complete part program block for the channel-specific
SERUPRO end ASUB as string.

Further information:

If auxiliary functions were collected via a synchronized action, two NC blocks are generated.
One NC block to output the auxiliary functions. An executable NC block via which the NC
block is transported to the main run to output the auxiliary functions:

1. Output of the auxiliary functions via synchronized action, e.g.: wHEN TRUE DO M100 M102

2. Executable NC block, e.g.: ¢4 ro.o001

Basic Functions
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Function AUXFUDEL(...)

Function:

The function AUXFUDEL deletes the specified auxiliary function from the global list of
auxiliary functions channel-specific for the calling channel. Deletion is realized by setting the
corresponding group index ...crourPINDEX [n] tO O.

The function must be called before calling auxrusvwc.

The function triggers a preprocessing stop.

Syntax:

PROC AUXFUDEL (CHAR <TYPE>, INT <EXTENSION>, REAL <VALUE>, INT <GROUP>)
Parameters:

<TYPE>: Type of auxiliary function to be deleted

<EXTENSION>: Address extension of the auxiliary function to be deleted
<VALUE>: Value of auxiliary function to be deleted

<GROUP>: Number of the auxiliary function group

Function AUXFUDELG(...)

Function:

The function AUXFUDELG deletes all auxiliary functions of the specified auxiliary function
group from the global list of auxiliary functions channel-specific for the calling channel.
Deletion is realized by setting the corresponding group index ...croupiNDEX [n] t0 0.

The function must be called before calling auxrusync.

The function triggers a preprocessing stop.

Syntax:

PROC AUXFUDELG (INT <GROUP>)

Parameters:

<GROUP>: Number of the auxiliary function group

Multi-channel block search

428

NOTICE

Multi-channel block search and AUXFUDEL / AUXFUDELG

If, for a multi-channel block search in the SERUPRO end ASUBS, auxiliary functions with
AUXFUDEL / AUXFUDELG are deleted from the global list of auxiliary functions, before
calling the AUXFUSYNC function, the channels involved must be synchronized. The
synchronization ensures that before calling the AUXFUSYNC, all delete requests are
processed and a consistent list is available.

Basic Functions
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Examples
Two examples for configuring a user-specific SERUPRO end ASUB.
Example 1: Deleting auxiliary functions and generating the auxiliary function output with
AUXFUSYNC(...)

Program code Comment

N10 DEF STRING[400] ASSEMBLED=""

N20 DEF STRING[31] FILENAME="/ N CST DIR/ N AUXFU SPF"
N30 DEF INT GROUPINDEX[10]

N40 DEF INT NUM

N60 DEF INT ERROR

N9O

N140 AUXFUDEL("M",2,3,5) ; M2=3 (5th auxiliary function group) delete

N150

N170 AUXFUDELG (6) ; Delete the collected auxiliary function of the
; 6. group.

N180

N190 IF ISFILE (FILENAME)

N210 DELETE (ERROR, FILENAME) ; Delete the FILENAME file

N220 IF (ERROR<>0) ; Error evaluation

N230 SETAL(61000+ERROR)

N240 ENDIF

N250 ENDIF

; CAUTION!

; If, for a multi-channel block search, auxiliary functions with AUXFUDEL/AUXFUDELG

; are deleted from the global list of auxiliary functions, before the loop to

; generate the subprogram FILENAME with AUXFUSYNC, the channels must be synchronized.
The synchronization ensures that all delete requests were processed

; in all channels and a consistent list is available.

; Example: WAITM(99,1,2,3)

N270 LOOP

N300 AUXFUSYNC (NUM, GROUPINDEX, ASSEMBLED) ; General a part program block

N310

N320 IF (NUM==-1) ; All auxiliary functions of the channel

; have been executed.

N340 GOTOF LABEL1

N350 ENDIF
N380 WRITE (ERROR, FILENAME, ASSEMBLED) ; Write a part program block to file FILENAME.
N390 IF (ERROR<>0) ; Error evaluation

N400 SETAL(61000+ERROR)
N410 ENDIF

N430 ENDLOOP

N440

N450 LABELL:

Basic Functions
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Program code

Comment

N460
N480
N490
N510
N520
N530
N540
N550
N560

CALL FILENAME

DELETE (ERROR, FILENAME)

IF (ERROR<>0)

SETAL (61000+ERROR)

ENDIF

M17

; Process a generated subroutine.

; Delete the file again after execution.

Example 2: Deleting auxiliary functions and generating the auxiliary function output without

AUXFUSYNC(...)

Program code

Comment

N0610
N0620
N0630
N0640
N0650
N0660
N0670
N0680
N0690

N0760
N0770
N0790

N0800
N0810
N0830

N0840
N0850
N0860
N0870
N0880

; I,

430

DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF

STRING[400] ASSEMBLED=""

STRING[31] FILENAME="/ N CST DIR/ N AUXFU SPF"

INT GROUPINDEX[10]
INT NUM

INT LAUF

INT ERROR

BOOL ISQUICK

BOOL ISSYNACT

BOOL ISIMPL

AUXFUDEL ("M",2,3,5)

AUXFUDELG (6)

IF ISFILE (FILENAME)

DELETE (ERROR, FILENAME)

IF

(ERROR<>0)

SETAL (61000+ERROR)

ENDIF

ENDIF

; CAUTION!

; M2=3 (5th auxiliary function group) delete

; Delete the collected auxiliary function of the

; 6. group.

; File already exists and must be

; deleted.

for a multi-channel block search, auxiliary functions with AUXFUDEL/AUXFUDELG

; are deleted from the global list of auxiliary functions,

; generate the subprogram FILENAME with AUXFUSYNC,

; in all channels and a consistent list is available.

before the loop to
the channels must be synchronized.

The synchronization ensures that all delete requests were processed

Basic Functions
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Program code Comment

; Example: WAITM(99,1,2,3)

N0890 LOOP

N0920 AUXFUSYNC (NUM, GROUPINDEX, ASSEMBLED) ; Procedure to generate
; auxiliary function blocks from the global
; auxiliary function list.

NO0930

N0940 IF (NUM==-1) ; All auxiliary functions of the channel
; are processed.

N0960 GOTOF LABEL1

NO0970 ENDIF

N0980

N1000 IF (NUM>O0) ; If auxiliary functions are output,
; the block is generated.

N1010

N1020 ASSEMBLED=""

N1030

N1050 FOR LAUF=0 TO NUM-1 ; Collected auxiliary functions for a
; block.

N1060

N1080 IF GROUPINDEX [LAUF]<>0 ; Auxiliary functions deleted from the
; global list have the group index O.

N1090

N1100 ISQUICK:$AC_AUXFU_SPEC[GROUPINDEX[LAUF]] BAND'H2'

N1110

N1120 ISSYNACT=$AC_AUXFU SPEC[GROUPINDEX [LAUF]] BAND'H1000'

N1130

N1140 ISIMPL=S$AC_AUXFU_ SPEC [GROUPINDEX [LAUF]] BAND'H2000'

N1150

N1180 IF ISSYNACT ; Assemble a block for the M auxiliary
; function output

N1190 ASSEMBLED= ASSEMBLED << "WHEN TRUE DO "

N1200 ENDIF

N1210 ; Implicitly generated M19 is mapped to SPOS[SPI (<spindle no.>)] = IC(0).

N1230 IF (ISIMPL AND ($AC_AUXFU VALUE [GROUPINDEX [LAUF]==19))

N1240 ASSEMBLED= ASSEMBLED << "SPOS[SPI(" <<

$AC_AUXFU_EXT [GROUPINDEX [LAUF]] << ")=IC(0)"

N1260 ELSE

N1270 ASSEMBLED= ASSEMBLED << "M[" << $AC_AUXFU_EXT[GROUPINDEX[LAUF]] << "]=1

N1280

N1290 IF ISQUICK

N1300 ASSEMBLED= ASSEMBLED << "QU("

N1310 ENDIF

N1320

N1330 ASSEMBLED= ASSEMBLED << $AC_AUXFU_VALUE[GROUPINDEX[LAUF]]
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Program code

Comment

N1340
N1350
N1360
N1370
N1380
N1400
N1420
N1430
N1450
N1460
N1470
N1480
N1490
N1500
N1510
N1520
N1540
N1550
N1560
N1570
N1580
N1590
N1600
N1620
N1630
N1650
N1660
N1670
N1680
N1690

N1700

432

IF ISQUICK

ASSEMBLED= ASSEMBLED << ")"
ENDIF

ENDIF

ENDIF

ENDFOR

WRITE (ERROR, FILENAME, ASSEMBLED)

IF ISSYNACT

ASSEMBLED="G4 FO0.001"

WRITE (ERROR, FILENAME, ASSEMBLED)

ENDIF

ELSE

WRITE (ERROR, FILENAME, ASSEMBLED)

ENDIF

ENDLOOP

LABEL1:

CALL FILENAME

DELETE (ERROR, FILENAME)

IF (ERROR<>0)

SETAL (61000+ERROR)

ENDIF

M17

; Write an auxiliary function block to a file.

; Write an auxiliary function block to a file.

; Process a generated subroutine.

; Delete the file again after execution.

Basic Functions
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7.14 Implicitly output auxiliary functions

Function

Implicitly output auxiliary functions are auxiliary functions which have not been programmed
explicitly and which are also output by other system functions (e.g. transformation selection,
tool selection, etc.). These implicit auxiliary functions do not lead to any system function;
instead, the M codes are collected according to output behavior parameters assigned to
them and/or are output to the PLC.

Parameterization
The M codes for auxiliary functions to be output implicitly are defined with the machine data:
e MD22530 $MC_TOCARR_CHANGE_M_CODE (M code at toolholder change)

This machine data value indicates the number of the M code which is output when a
toolholder is activated at the NC/PLC interface.

If the value is positive, the unchanged M code is always output.

If the value is negative, the number of the toolholder is added to the machine data value,
and this number is output.

e MD22532 $MC_GEOAX_CHANGE_M_CODE (M code when switching the geometry
axes)

Number of the M code which is output when the geometry axes on the NC/PLC interface
are switched.

e MD22534 $MC_TRAFO_CHANGE_M_CODE (M code in the case of transformation
changes)

Number of the M code which is output during a transformation switch of the geometry
axes at the NC/PLC interface.

Note

No M code is output if the number of the M code being output or the
MD22530/MD22532/MD22534 value is between 0 and 6, or is either 17 or 30. Whether or
not an M code which is generated in this manner leads to conflicts with other functions is
not monitored.

Output behavior

In the case of implicitly output auxiliary functions, bit 13 is set in machine data MD22080 or
MD22035 (output behavior of predefined or user-defined auxiliary functions).

This bit can be queried via the system variable $AC_AUXFU_SPEC[<n>].
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Implicitly output auxiliary function M19

7.15

7.16.1

Function

Requirements

Standard

PLC activities

434

To achieve uniformity in terms of how M19 and SPOS or SPOSA behave at the NC/PLC
interface, auxiliary function M19 can be output to the NC/PLC interface in the event of SPOS
and SPOSA (see Section "General functionality (Page 1232)").

The implicitly output auxiliary function M19 is collected during the block search.

Information options

Information about auxiliary functions (e.g. about the output status) is possible via:
® The group-specific modal M auxiliary function display on the user interface

® Querying system variables in part programs and synchronized actions

Group-specific modal M auxiliary function display

The output status and acknowledgement status of M auxiliary functions can be displayed on
the user interface on a group-specific basis.

To implement function-oriented acknowledgement and display of M auxiliary functions, the
auxiliary functions must be managed in the PLC and, thus, in the user program itself.
Therefore, it is up to the PLC programmer to program the acknowledgement of these
auxiliary functions. He has to know which auxiliary functions in which group have to be
acknowledged.

M auxiliary functions that are not managed by means of the PLC are identified by the NC as
"transferred" and output to the PLC. There is no functional acknowledgement for these
auxiliary functions. All M-auxiliary functions collected after a block search are also displayed
so that the operator knows which auxiliary functions will be output after a start following a
block search.

In the case of auxiliary function groups that are managed by the PLC itself, the PLC user
program must acknowledge all auxiliary functions of this groups when Apply and Function
End are activated. The PLC programmer must know all the auxiliary functions of these
groups.

Basic Functions
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Display update

7. 15 Information options

Only the group-specific M auxiliary functions are displayed. The block-by-block display is
also retained. Up to 15 groups can be displayed, whereby only the last M function of a group
that was either collected or output to the PLC is displayed for each group. The M functions
are presented in various display modes depending on their status:

Status Display mode
Auxiliary function is collected Inverted with yellow font
Auxiliary function is output from NCK to PLC Inverted

Auxiliary function has been transferred from NCK to PLC Black font on gray background
and transport acknowledgement has taken place

Auxiliary function is managed by the PLC and has been Black font on gray background
directly applied by the PLC.

Auxiliary function is managed by the PLC, and the function | Black font on gray background
acknowledgement has taken place.

The display is organized in such a way that the collected auxiliary functions are always
displayed first, before those that were managed by the PLC and before those that were
managed by the NC. A collected auxiliary function is marked as collected until it has been
output from the NCK to the PLC. PLC-managed auxiliary functions are retained until they are
displaced by another auxiliary function. In the case of a reset, only the collected auxiliary
functions and the NC-managed auxiliary functions are deleted.

7.15.2 Querying system variables

Function

Basic Functions

Auxiliary functions can be queried on a group-specific basis via system variables in the part
program and via synchronized actions:

$AC_AUXFU_... [<n>] = <value>

system variables Meaning

$AC_AUXFU_PREDEF_INDEX[<n>] <value>: | Index of the last auxiliary function collected for
an auxiliary function group (search) or the last
predefined auxiliary function to be output

Type: |INT
If no auxiliary function has been output yet for
the specified group or if the auxiliary function is

a user-defined auxiliary function, the variable
supplies the value "-1".

<n>: Group index (0 to 63)
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system variables Meaning
Note:
A predefined auxiliary function can be uniquely identified via
this variable.

$AC_AUXFU_TYPE[<n>] <value>: | Type of the last auxiliary function collected for

an auxiliary function group (search) or the last
auxiliary function to be output

Type: | CHAR

<n>: Group index (0 to 63)
$AC_AUXFU_EXT[<n>] <value>: |Address extension of the last auxiliary function
or M function specific: collected for an auxiliary function group (search)
$AC_AUXFU_M_EXT[<n>] or the last auxiliary function to be output
Type: ‘ INT
<n>: Group index (0 to 63)
$AC_AUXFU_VALUE[<n>] <value>: |Value of the last auxiliary function collected for
or M function specific: an auxiliary function group (search) or the last
$AC_AUXFU_M_VALUE[<n>] auxiliary function to be output
Type: | REAL
<n>: Group index (0 to 63)
$AC_AUXFU_SPECI[<n>] Value: Bit-encoded output behavior according to
MD22080/MD22035 (or ou programming) of the
last auxiliary function collected for an auxiliary
function group (search) or the last auxiliary
function to be output
Type: ‘ INT
<n>: Group index (0 to 63)
Note:

This variable can be used to determine whether the
auxiliary function should be output with a fast
acknowledgement.

$AC_AUXFU_STATE[<n>]
or M function specific:
$AC_AUXFU_M_STATE[<n>]

<value>:

Output state of the last auxiliary function
collected for an auxiliary function group (search)
or the last auxiliary function to be output

Type: INT

Value range: 0..5

0: | No auxiliary function

1: | M-auxiliary function was collected via a
search

2: | M-auxiliary function has been output to the
PLC

3: | M-auxiliary function has been output to the
PLC and the transport acknowledgement
has taken place

4: | M-auxiliary function is managed by the PLC
and has been applied by the PLC

5: | M-auxiliary function is managed by the
PLC, and the function acknowledgement
has taken place

<n>:

Group index (0 to 63)
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Example
All M-auxiliary functions of the 1st group will be stored in the order they are output
id=1 every $AC AUXFU M STATE[0]==2 do
$AC FIFO[0,0]=3SAC AUXFU M VALUE[0]
References
For more information on the system variables, refer to:
List Manual, system variables
7.16 Supplementary conditions
7.16.1 General constraints

Spindle replacement

Because the auxiliary functions are parameterized channel-specifically, if function: "spindle
replacement” is used, the spindle-specific auxiliary function must be parameterized
immediately in all channels that use the spindles.

Tool management
If tool management is active, the following constraints apply:

e T and M<k> functions are not output to the PLC.
Note
k is the parameterized value of the auxiliary function for the tool change (default: 6):
MD22560 $MC_TOOL_CHANGE_M_CODE (auxiliary function for tool change)

® |f no address extension is programmed, the auxiliary function refers to the master spindle
or the master tool holder of the channel.

Definition of the master spindle:

— MD20090 $MC_SPIND_DEF_MASTER_SPIND

— Part program instruction: SETMS

Definition of the master tool holder

- MD20124 $MC_TOOL_MANAGEMENT_TOOLHOLDER
— Part program instruction: SETMTH
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7.16 Supplementary conditions

Maximum number of auxiliary functions per part program block

A maximum of 10 auxiliary functions may be programmed in one part program block.

DL (additive tool offset)

7.16.2

Thread cutting

The following restrictions apply to the DL function:
® Only one DL function can be programmed per part program block.

e |f DL functions are used in synchronous actions, parameter: "Value" is not output to the
PLC.

Output behavior

During active thread cutting ¢33, ¢34 and a35, the following output behavior is always active
for the spindle-specific auxiliary functions:

® 3 (spindle right)
® s (spindle left)

e Qutput duration of one OB40 cycle (quick acknowledgement)
e Qutput during motion

The spindle-specific auxiliary function ms (spindle stop) is always output at the end of the
block. The part program block that contains us is always ended with exact stop, i.e. even
during active continuous-path mode.

Synchronized actions

With output auxiliary functions from synchronized actions, the parameterized output behavior
is ignored except for the following parameters:

® Bit0: Output duration of one OB1 cycle (normal acknowledgement)

e Bit1: Output duration of one OB40 cycle (quick acknowledgement)

Auxiliary functions: M17 or M2/M30 (end of subprogram)
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In its own part program block

If one of the auxiliary functions m17, M2 or 30 is programmed as the only auxiliary function in
a part program block and an axis is still in motion, the auxiliary function is not output to the
PLC until after the axis has stopped.

Basic Functions
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Overriding the parameterized output behavior

The parameterized output behavior of the auxiliary functions m17 or m2/M30 is overridden by
the output behavior that is determined in the following machine data:

MD20800 $MC_SPF_END_TO_VDI, bit 0 (subprogram end / stop to PLC)

Bit | Value | Meaning
0 |0 The auxiliary functions M17 or M2/M30 (subprogram end) are not output to the PLC.
Continuous-path mode is not interrupted at the end of the subprogram
1 The auxiliary functions M17 or M2/M30 (subprogram end) are output to the PLC.

Auxiliary function: M1 (conditional stop)
Overriding the parameterized output behavior

The parameterized output behavior of the auxiliary function w1 is overridden by the output
behavior defined in the following machine data:

MD20800 $MC_SPF_END_TO_VDI, bit 1 (subprogram end / stop to PLC)

Bit | Value Meaning_;

1 |0 The auxiliary function mo1 (conditional stop) is always output to the PLC. A quick
acknowledgement is ineffective, because mo1 is permanently assigned to the first
auxiliary function group and is therefore always output at the end of the block.

1 The auxiliary function Mo1 (conditional stop) is only output to the PLC, if the function:
"Programmed stop" is activated via the HMI user interface.

In the case of a quick acknowledgement, the m1 is output to the PLC during the motion.
While the function is not active, this does not interrupt continuous-path mode.

Part program blocks without traversing motion

In a part program block without a traversing motion, all auxiliary functions are output in a
block immediately, irrespective of their parameterized output behavior.

Spindle-specific auxiliary function output only as information for the PLC user program

In certain controller situations, e.g. at the end of a block search, the collected spindle-specific
auxiliary functions (e.g. m3, M4, M5, M19, M40...M45, M70) iS output to the NC/PLC interface only
for information purposes for the PLC user program. The controller generates a part program
block (action block) in which the collected auxiliary functions are entered with a negative
address extension. The corresponding system functions are then not executed.

Example: M(-2) = 41 request gear stage change for the 2nd spindle

Basic Functions
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7. 17 Examples

717

7171

Task

Examples

Extension of predefined auxiliary functions

Parameter assignment of auxiliary functions M3, M4, and M5 for the second spindle of the
channel

Parameter assignment: M3

Requirements:
® Machine data index: O (first user-defined auxiliary function)
® auxiliary function group: 5
® Type and value: M3 (spindle right)
® Address extension: 2 as appropriate for the 2nd spindle of the channel
e Qutput behavior:
— Output duration one OB1 cycle (normal acknowledgment)
— Output prior to motion

Parameter assignment:

MD22000 $MC_AUXFU_ASSIGN_GROUP[ 0] =5
MD22010 $MC_AUXFU_ASSIGN_TYPE [0 ] ="M"
MD22020 $MC_AUXFU_ASSIGN_EXTENSION[0] =2
MD22030 $MC_AUXFU_ASSIGN_VALUE [0] =3
MD22035 $MC_AUXFU_ASSIGN_SPEC [0 ] ="'H21'

Parameter assignment: M4
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Requirements:
® Machine data index: 1 (second user-defined auxiliary function)
e auxiliary function group: 5
® Type and value: M4 (spindle left)
® Address extension: 2 as appropriate for the 2nd spindle of the channel
e Qutput behavior:
— Output duration one OB1 cycle (hormal acknowledgment)
— Spindle response following acknowledgment

— Output during motion

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1



H2: Auxiliary function outputs fo PLC

7. 17 Examples

Parameter assignment:

MD22000 $MC_AUXFU_ASSIGN_GROUP [ 1] =5
MD22010 $MC_AUXFU_ASSIGN_TYPE [ 1] ="M"
MD22020 $MC_AUXFU_ASSIGN_EXTENSION[1] =2
MD22030 $MC_AUXFU_ASSIGN_VALUE [ 1] =4
MD22035 $MC_AUXFU_ASSIGN_SPEC [ 1] ='H51'

Parameter assignment: M5

7.17.2

Task

Basic Functions

Requirements:
® Machine data index: 2 (third user-defined auxiliary function)
® auxiliary function group: 5
® Type and value: M5 (spindle stop)
® Address extension: 2 as appropriate for the 2nd spindle of the channel
e Qutput behavior:
— Output duration one OB1 cycle (normal acknowledgment)

— Spindle response following acknowledgment

— Output at block end
Parameter assignment:
MD22000 $MC_AUXFU_ASSIGN_GROUP [ 2] =5
MD22010 $MC_AUXFU_ASSIGN_TYPE [ 2] ="M"
MD22020 $MC_AUXFU_ASSIGN_EXTENSION[2] =2
MD22030 $MC_AUXFU_ASSIGN_VALUE [ 2] =5
MD22035 $MC_AUXFU_ASSIGN_SPEC [ 2] ='H91'

Defining auxiliary functions

Parameter assignment of the auxiliary function-specific machine data for a machine with the
following configuration:

Spindles
® Spindle 1: Master spindle
® Spindle 2: Second spindle
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Gear stages

Spindle 1: 5 gear stages
Spindle 2: No gear stages

Switching functions for cooling water on/off

Requirements

Spindle 1
"ON" = M50
"OFF" = M51
Spindle 2
"ON" = M52
"OFF" = M53

Spindle 1 (master spindle)

Note
Default assignments

The auxiliary functions M3, M4, M5, M70 and M1=3, M1=4, M1=5, M1=70 of spindle 1
(master spindle) are assigned as standard to the second auxiliary function group.

All S and S1 values of spindle 1 (master spindle) are assigned to the third auxiliary
function group by default.
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The gear stage last programmed is to be output after block search. The following auxiliary
functions are assigned to the ninth auxiliary function group for this reason:

- M40, M41, M42, M43, M44, M45
- M1=40, M1=41, M1=42, M1=43, M1=44, M1=45

The auxiliary functions M3, M4, M5, M70 and M1=3, M1=4, M1=5, M1=70
(second auxiliary function group) and S and S1 values (third auxiliary function group)
should possess the following output behavior:

— Output duration one OB40 cycle (quick acknowledgment)
— Output prior to motion

The auxiliary functions for gear changeover M40 to M45 and M1=40 to M1=45
(ninth auxiliary function group) should have the following output behavior:

— Output duration one OB1 cycle (normal acknowledgment)

— Output prior to motion

Basic Functions
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Spindle 2

7. 17 Examples

® Only one M function for directional reversal may be programmed in one block. The
direction of rotation last programmed is to be output after block search. The following
auxiliary functions are assigned to the tenth auxiliary function group for this reason:

- M2=3, M2=4, M2=5, M2=70

® All S2 values are assigned to auxiliary function group 11.

® The auxiliary functions M2=3, M2=4, M2=5, M2=70 (tenth auxiliary function group) and
S2 values (auxiliary function group 11) should have the following output behavior:

— Output duration one OB40 cycle (quick acknowledgment)

— Output prior to motion

Cooling water

® |t is not permissible to switch the cooling water on and off in one part program block. After
a block search, the cooling water will be switched on or off. For this purpose, the following
auxiliary functions are assigned, for example, to auxiliary function group 12 or 13:

— Auxiliary function group 12: M50, M51

— Auxiliary function group 13: M52, M53

® The auxiliary functions M50, M51 (auxiliary function group 12) and M52, M53 (auxiliary
function group 13) should have the following output behavior:

— Output duration one OB1 cycle (normal acknowledgment)

— Output prior to motion

Parameterization of the machine data

The machine data are parameterized by appropriate programming within a parts program.

Program code

Comment

$MN AUXFU GROUP_SPEC[1]='H22'
$MN_AUXFU GROUP SPEC[2]='H22'
$MN_ AUXFU GROUP SPEC([8]='H21'

$MC_AUXFU ASSIGN TYPE[0]="M"

$MC_AUXFU ASSIGN VALUE[0]=40
$MC_AUXFU ASSIGN GROUP[0]=9

S$MC_AUXFU_ASSIGN_TYPE[5]="M"

$MC_AUXFU ASSIGN VALUE[5]=45

Basic Functions
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$MN_AUXFU MAXNUM GROUP_ASSIGN=21

$MC_AUXFU ASSIGN EXTENSION[O0]=0

$MC_AUXFU_ASSIGN_EXTENSION[5]=0

; Number of user-defined auxiliary functions
per channel

Output behavior of auxiliary function group 2

Output behavior of auxiliary function group 3

Output behavior of auxiliary function group 9

Description of auxiliary function 1: M40

; ... (and analogously for aux. functions 2 to
5)

Description of auxiliary function 6: M45

443



H2: Auxiliary function outputs fo PLC

7. 17 Examples

Program code Comment

$MC_AUXFU ASSIGN GROUP[5]=9

SMC_AUXFU_ASSIGN TYPE[6]="M" Description of auxiliary function 7: M1=40

$MC_AUXFU ASSIGN EXTENSION[6]=1
$MC_AUXFU ASSIGN VALUE [6]=40
$MC_AUXFU ASSIGN GROUP[6]=9

. (and analogously for aux. functions 8
to 11)

$MC_AUXFU ASSIGN TYPE[11l]="M" ; Description of auxiliary function 12: M1=45
$MC_AUXFU ASSIGN_EXTENSION[11]=1

$MC_AUXFU_ASSIGN VALUE[11]=45

$MC_AUXFU ASSIGN GROUP[11]=9

SMN_AUXFU GROUP_SPEC[9] = 'H22' Output behavior of auxiliary function group

10

$MC_AUXFU_ASSIGN_TYPE[12]="M" Description of auxiliary function 13: M2=3

$MC_AUXFU ASSIGN EXTENSION[12]=2
$MC_AUXFU ASSIGN VALUE[12]=3
$MC_AUXFU ASSIGN GROUP[12]=10

$MC_AUXFU ASSIGN TYPE[13]="M" Description of auxiliary function 14: M2=4

$MC_AUXFU ASSIGN EXTENSION[13]=2
$MC AUXFU ASSIGN VALUE[13]=4
$MC_AUXFU ASSIGN GROUP[13]=10

SMC_AUXFU_ASSIGN TYPE[14]="M" Description of auxiliary function 15: M2=5

$MC_ AUXFU ASSIGN EXTENSION [14]=2
$MC_AUXFU ASSIGN VALUE [14]=5
$MC_AUXFU ASSIGN GROUP[14]=10

$MC_AUXFU_ASSIGN_ TYPE[15]="M" Description of auxiliary function 16: M2=70

$MC_AUXFU ASSIGN EXTENSION[15]=2
$MC_AUXFU ASSIGN VALUE[15]=70
$MC_AUXFU ASSIGN GROUP[15]=10

SMN_AUXFU GROUP_SPEC[10] = 'H22' Specification of auxiliary function group 11

SMC_AUXFU_ASSIGN_TYPE[1l6] = "s" Description of auxiliary function 17: S2=<all

values>
$MC_AUXFU ASSIGN EXTENSION[16]=2
$MC_AUXFU ASSIGN VALUE[1l6]=-1
$MC_AUXFU_ASSIGN_GROUP[16]:ll

Basic Functions
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Program code Comment

S$MN_AUXFU GROUP_SPEC[11]='H21' ; Specification of auxiliary function group 12

$MC_AUXFU_ASSIGN TYPE[17]="M" Description of auxiliary function 18: M50

$MC AUXFU ASSIGN EXTENSION [17]=0
$MC_AUXFU ASSIGN VALUE[17]=50
$MC_AUXFU ASSIGN GROUP[17]=12

$MC_AUXFU_ASSIGN_TYPE[18]="M" Description of auxiliary function 19: M51

$MC_AUXFU_ASSIGN EXTENSION[18]=0
$MC_AUXFU ASSIGN VALUE[18]=51
$MC_AUXFU ASSIGN GROUP([18]=12

S$MN_AUXFU_ GROUP_SPEC[12]='H21' ; Specification of auxiliary function group 13

$MC_AUXFU_ASSIGN TYPE[19]="M" Description of auxiliary function 20: M52

$MC AUXFU ASSIGN EXTENSION [19]=0
$MC_AUXFU ASSIGN VALUE[19]=52
$MC_AUXFU ASSIGN GROUP[19]=13

$MC_AUXFU_ASSIGN_TYPE[20]="M" Description of auxiliary function 21: M53
S$MC_AUXFU_ASSIGN_EXTENSION[20]=0

$MC_AUXFU ASSIGN VALUE[20]=53

$MC_AUXFU_ASSIGN_GROUP [20]=13
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7.18 Data lists
7.18.1 Machine data
7.18.1.1 NC-specific machine data
Number Identifier;: SMN_ Description
10713 M_NO_FCT_STOPRE M function with preprocessing stop
10714 M_NO_FCT_EOP M function for spindle active after NC RESET
10715 M_NO_FCT_CYCLE M function to be replaced by subroutine
11100 AUXFU_MAXNUM_GROUP_ASSIGN Maximum number of user-defined auxiliary functions
per channel
11110 AUXFU_GROUP_SPEC Group-specific output behavior
11450 SEARCH_RUN_MODE Behavior after a block search
7.18.1.2 Channelspecific machine data
Number Identifier: $MC_ Description
20110 RESET_MODE_MASK Definition of control initial setting after part program
start.
20112 START_MODE_MASK Definition of control initial setting after powerup and
on RESET or at end of part program
20270 CUTTING_EDGE_DEFAULT Basic setting of tool cutting edge without programming
20800 SPF_END_TO_VDI Subroutine end / Stop at PLC
22000 AUXFU_ASSIGN_GROUP Group assignment of user-defined auxiliary functions
22010 AUXFU_ASSIGN_TYPE Type of user-defined auxiliary functions
22020 AUXFU_ASSIGN_EXTENSION Address extension for user-defined auxiliary functions
22030 AUXFU_ASSIGN_VALUE Value of user-defined auxiliary functions
22035 AUXFU_ASSIGN_SPEC Output behavior of user-defined auxiliary functions
22040 AUXFU_PREDEF_GROUP Group assignment of predefined auxiliary functions
22050 AUXFU_PREDEF_TYPE Type of predefined auxiliary functions
22060 AUXFU_PREDEF_EXTENSION Address extension for predefined auxiliary functions
22070 AUXFU_PREDEF_VALUE Value of predefined auxiliary functions
22080 AUXFU_PREDEF_SPEC Output behavior of predefined auxiliary functions
22100 AUXFU_QUICK_BLOCKCHANGE Block change delay with quick auxiliary functions
22110 AUXFU_H_TYPE_INT Type of H auxiliary functions
22200 AUXFU_M_SYNC_TYPE M functions output time
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Number Identifier: $MC_ Description
22210 AUXFU_S_SYNC_TYPE S functions output time
22220 AUXFU_T_SYNC_TYPE T functions output time
22230 AUXFU_H_SYNC_TYPE H functions output time
22240 AUXFU_F_SYNC_TYPE F functions output time
22250 AUXFU_D_SYNC_TYPE D functions output time
22252 AUXFU_DL_SYNC_TYPE DL functions output time
22254 AUXFU_ASSOC_MO_VALUE Additional M function for program stop
22256 AUXFU_ASSOC_M1_VALUE Additional M function for conditional stop
22530 TOCARR_CHANGE_M_CODE M code for change of tool holder
22532 GEOAX_CHANGE_M_CODE M code for replacement of geometry axes
22534 TRAFO_CHANGE_M_CODE M code for change of tool holder
22560 TOOL_CHANGE_M_CODE Auxiliary function for tool change
7.18.2 Signals
7.18.2.1 Signals to channel
Signal name SINUMERIK 840D sl SINUMERIK 828D

Activate associated M01

DB21, ... .DBX30.5

DB3200.DBX14.5

7.18.2.2

Signals from channel

Signal name

SINUMERIK 840D sl

SINUMERIK 828D

M function 1 - 5 change

DB21, ... .DBX58.0-4

DB2500.DBX4.0-4

M function 1 - 5 not decoded

DB21, ... .DBX59.0-4

S function 1 - 3 change

DB21, ... .DBX60.0-2

DB2500.DBX6.0

S function 1 - 3 quick

DB21, ... .DBX60.4-6

T function 1 - 3 change

DB21, ... .DBX61.0-2

DB2500.DBX8.0

T function 1 - 3 quick

DB21, ... .DBX61.4-6

D function 1 - 3 change

DB21, ... .DBX62.0-2

DB2500.DBX10.0

D function 1 - 3 quick

DB21, ... .DBX62.4-6

DL function change

DB21, ... .DBX63.0

DL function quick

DB21, ... .DBX63.4

H function 1 - 3 change

DB21, ... .DBX64.0-2

DB2500.DBX12.0-2

H function 1 - 3 quick

DB21, ... .DBX64.4-6

F function 1 - 6 change

DB21, ... .DBX65.0-5

M function 1 - 5 quick

DB21, ... .DBX66.0-4
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Signal name SINUMERIK 840D sl SINUMERIK 828D
F function 1 - 6 quick DB21, ... .DBX67.0-5 -
Extended address M function 1 (16 bit int) DB21, ... .DBB68-69 DB2500.DBB3004
M function 1 (DInt) DB21, ... .DBB70-73 DB2500.DBD3000
Extended address M function 2 (16 bit int) DB21, ... .DBB74-75 DB2500.DBB3012
M function 2 (DInt) DB21, ... .DBB76-79 DB2500.DBD3008
Extended address M function 3 (16 bit int) DB21, ... .DBB80-81 DB2500.DBB3020
M function 3 (DInt) DB21, ... .DBB82-85 DB2500.DBD3016
Extended address M function 4 (16 bit int) DB21, ... .DBB86-87 DB2500.DBB3028
M function 4 (DInt) DB21, ... .DBB88-91 DB2500.DBD3024
Extended address M function 5 (16 bit int) DB21, ... .DBB92-93 DB2500.DBB3036
M function 5 (DInt) DB21, ... .DBB94-97 DB2500.DBD3032
Extended address S function 1 (16 bit int) DB21, ... .DBB98-99 DB2500.DBB4004
S function 1 (real) DB21, ... .DBB100-103 DB2500.DBD4000
Extended address S function 2 (16 bit int) DB21, ... .DBB104-105 DB2500.DBB4012
S function 2 (real) DB21, ... .DBB106-109 DB2500.DBD4008
Extended address S function 3 (16 bit int) DB21, ... .DBB110-111 DB2500.DBB4020
S function 3 (real) DB21, ... .DBB112-115 DB2500.DBD4016
Extended address T function 1 (16 bit int) DB21, ... .DBB116-117 DB2500.DBB2004
T function 1 (integer) DB21, ... .DBB118-119 DB2500.DBD2000
Extended address T function 2 (16 bit int) DB21, ... .DBB120-121 -
T function 2 (integer) DB21, ... .DBB122-123 -
Extended address T function 3 (16 bit int) DB21, ... .DBB124-125 -
T function 3 (integer) DB21, ... .DBB126-127 -
Extended address D function 1 (8 bit int) DB21, ... .DBB128 DB2500.DBB5004
D function 1 (8 bit int) DB21, ... .DBB129 DB2500.DBD5000
Extended address D function 2 (8 bit int) DB21, ... .DBB130 -
D function 2 (8 bit int) DB21, ... .DBB131 -
Extended address D function 3 (8 bit int) DB21, ... .DBB132 -
D function 3 (8 bit int) DB21, ... .DBB133 -
Extended address DL function (8 bit int) DB21, ... .DBB134 -
DL function (real) DB21, ... .DBB136 -
Extended address H function 1 (16 bit int) DB21, ... .DBB140-141 DB2500.DBB6004
H function 1 (real or Dint) DB21, ... .DBB142-145 DB2500.DBD6000
Extended address H function 2 (16 bit int) DB21, ... .DBB146-147 DB2500.DBB6012
H function 2 (REAL or Dint) DB21, ... .DBB148-151 DB2500.DBD6008
Extended address H function 3 (16 bit int) DB21, ... .DBB152-153 DB2500.DBB6020
H function 3 (real or Dint) DB21, ... .DBB154-157 DB2500.DBD6016
Extended address F function 1 (16 bit int) DB21, ... .DBB158-159 -
F function 1 (real) DB21, ... .DBB160-163 -
Extended address F function 2 (16 bit int) DB21, ... .DBB164-165 -
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Signal name SINUMERIK 840D sl SINUMERIK 828D
F function 2 (real) DB21, ... .DBB166-169 -

Extended address F function 3 (16 bit int) DB21, ... .DBB170-171 -

F function 3 (real) DB21, ... .DBB172-175 -

Extended address F function 4 (16 bit int) DB21, ... .DBB176-177 -

F function 4 (real) DB21, ... .DBB178-181 -

Extended address F function 5 (16 bit int) DB21, ... .DBB182-183 -

F function 5 (real) DB21, ... .DBB184-187 -

Extended address F function 6 (16 bit int) DB21, ... .DBB188-189 -

F function 6 (real) DB21, ... .DBB190-193 -

Dynamic M function: MO0 - M07 DB21, ... .DBB194 DB2500.DBB1000
Dynamic M function: M08 - M15 DB21, ... .DBB195 DB2500.DBB1001
Dynamic M function: M16 - M23 DB21, ... .DBB196 DB2500.DBB1002
Dynamic M function: M24 - M31 DB21, ... .DBB197 DB2500.DBB1003
Dynamic M function: M32 - M39 DB21, ... .DBB198 DB2500.DBB1004
Dynamic M function: M40 - M47 DB21, ... .DBB199 DB2500.DBB1005
Dynamic M function: M48 - M55 DB21, ... .DBB200 DB2500.DBB1006
Dynamic M function: M56 - M63 DB21, ... .DBB201 DB2500.DBB1007
Dynamic M function: M64 - M71 DB21, ... .DBB202 DB2500.DBB1008
Dynamic M function: M72 - M79 DB21, ... .DBB203 DB2500.DBB1009
Dynamic M function: M80 - M87 DB21, ... .DBB204 DB2500.DBB1010
Dynamic M function: M88 - M95 DB21, ... .DBB205 DB2500.DBB1011
Dynamic M function: M96 - M99 DB21, ... .DBX206.0-3 DB2500.DBB1012.0-3
Associated MO0/MO1 active DB21, ... .DBX318.5 DB3300.DBX4002.5

7.18.2.3 Signals to axis/spindle

Signal name SINUMERIK 840D sl SINUMERIK 828D
F function for positioning axis (real) DB31, ... .DBB78-81 -

7.18.2.4 Signals from axis/spindle

_Signal name SINUMERIK 840D sl SINUMERIK 828D
M function for spindle (Int) DB21, ... .DBB86-87 DB370x.DBD0000
S function for spindle (real) DB21, ... .DBB88-91 DB370x.DBD0004

Basic Functions
Function Manual, 03/2013, 6FC5397-0BP40-3BA1 449



H2: Auxiliary function outputs fo PLC

7.18 Data lists

Basic Functions
450 Function Manual, 03/2013, 6FC5397-0BP40-3BA1
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response

8.1 Product brief

Channel
An NC channel represents the smallest unit for manual traversing of axes and automatic
processing of part programs. At any one time, a channel will always be in a particular mode,
e.g. AUTOMATIC, MDI, or JOG. A channel can be regarded as an independent NC.

Mode group

Channel gaps

Program test

Basic Functions

A channel always belongs to a mode group. A mode group can also consist of several
channels.

A mode group can be identified by the fact that all channels of the mode group are always in
the same mode at a particular time, e.g. AUTOMATIC, MDI, or JOG. This is ensured through
the NC internal mode logic.

A mode group can be regarded as an independent multi-channel NC.

When channels are configured, placeholder channels can be provided in order to create as
uniform a configuration as possible over machines in a series. Only the channels that are
actually used are then activated.

The following options are available for testing or moving in position a new part program.
® Program execution without setpoint outputs
® Program execution in singleblock mode

® Program execution with dry run feedrate

Skip part program blocks

Block search with or without calculation.
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8.1 Proquct brief

Block search

The block search function enables the following program simulations for locating specific
program points:

e Type 1 without calculation at contour
e Type 2 with calculation at contour
e Type 4 with calculation at block end point

e Type 5 automatic start of the selected program point with calculation of all required data
from history

e Automatic start of an ASUB after a block search
® (Cascaded block search

e Cross-channel block search in "Program test" mode

Program operation

The execution of part programs or part program blocks in AUTOMATIC or MDI modes is
referred to as program operation. During execution, the program sequence can be controlled
by PLC interface signals and commands.

For each channel, basic settings or channel-specific machine data can be specified. These
initial settings affect, for example, G groups and auxiliary function output.

A part program can be selected only if the relevant channel is in the Reset state.

Furthermore, all further program runs are handled by PLC interface signals and the
corresponding commands.

e Start of part program or part program block

e Part program calculation and program control

e RESET command, program status, and channel status
® Responses to operator and program actions

e Eventdriven program calls

Asynchronous subroutines (ASUBSs), interrupt routines

Interrupt inputs allow the NC to interrupt the the current part program execution so that it can
react to more urgent events in interrupt routines or ASUBs.

Single block
With the single-block function, the user can execute a part program block-by-block.
There are 3 types of setting for the single-block function:
e S| B1: =1PO single block
e S| B2: = Decode single block
e S| B3: = Stop in cycle

Basic Functions
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8.1 Product brief

Basic block display

A second basic block display can be used with the existing block display to display all blocks
that produce an action on the machine.

The actually approached end positions are shown as an absolute position. The position
values refer either to the workpiece coordinate system (WCS) or the settable zero system
(SZS).

Program execution from external source

When complex workpieces are machined, the NC may not have enough memory for the
programs. The "Execution from external source" function enables subroutines to be called
(extcann) and executed from an external memory (e.g. from the HMI Advanced hard disk).

Behavior after POWER ON, Reset, ...
The control-system response after:
® Power up (POWER ON)
® Reset/part program end
® Part program start

can be modified for functions, such as G codes, tool length compensation, transformation,
coupled axis groupings, tangential follow-up, programmable synchronous spindle for certain
system settings through machine data.

Subroutine call with M, T and D functions

For certain applications, it may be advantageous to replace M, T or D functions as well as a
few NC language commandssros, srosa, by a subroutine call. This can be used, for
example, to call the tool change routine.

Relevant machine data can be used to define and control subroutines having M, T or D
functions. For example, for a gear stage change.

Program runtime/part counter

Information on the program runtime and the part count is provided to assist the machine tool
operator.

The functions defined for this purpose are not identical to the functions of tool management
and are intended primarily for systems without tool management.
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8.2 Mode group

8.2 Mode group

Mode group
A mode group combines NC channels with axes and spindles to form a machining unit.

A mode group contains the channels that are required to run simultaneously in the same
mode from the point of view of the machining sequence.

The configuration of a mode group defines which channels are to be included in the group.

Note
This description assumes one mode group and one channel.

Functions that need several channels, e.g. "Axis replacement" function, are described in:
References:
Function Manual Extension functions; Mode Groups, Channels, Axis replacement (K5)

Assignment: Channel - Mode group
Axes and/or spindles are assigned to one channel.
The channel, in turn, is assigned to a mode group with the following machine data:
MD10010 $MN_ASSIGN_CHAN_TO_MODE_GROUP (channel valid in mode group)

If the same mode group is addressed in several channels, these channels together form a
mode group.

Note

The control system does not recognize mode group-specific data. However, it is possible to
make some channel-specific settings that pertain to the mode group.

Channel-specific assignments

Axes can be assigned to multiple channels that, in turn, are allocated to different mode
groups. The axes can then be interchanged between these channels (axis replacement).
Axis replacement functions independently of the mode group.

Machine axes and spindles are assigned to a channel. They differ as follows:
® Geometry axes can be operated in the path grouping.
Using the master spindle, they can perform functions such as g9, co61, @331, @332, etc.

e Channel axes that are not defined as geometry axes can be moved as path axes,
synchronous axes, positioning axes, PLC axes, and command axes.

® Special axes have no geometric relationship with one another.
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8.2 Mode group

e Master spindle geometry axes can perform functions using the master spindle.

® Auxiliary spindles are all other spindles/axes in the channel apart from the master
spindle.

The ceoax replacement command can be programmed to declare a channel axis as a
geometry axis and define its geometry axis number. It is defined with setms, which spindle in
the channel should be the master spindle.

Any axis in the channel can be configured as a spindle. The number of axes per channel
depends on the controller version. In order to optimize the performance utilization, the
available channel and axis configurations are limited depending on the hardware.

With SINUMERIK 840D sl, the following configurations are permissible depending on the
HW/SW version:

® Up to 12 axes/spindles per channel
® Maximum of 31 axes or 20 spindles per NCU

For information about other axis configurations such as axis containers, link axes,
reciprocating axes, main run, rotary, linear, master and slave axes and the various
implementations, see SectionsK2: Axis Types, Coordinate Systems, Frames (Page 647) and

S1: Spindles (Page 1225).

Mode group-specific interface signals

The exchange of mode group-specific signals to/from the mode group is transferred to DB11
in the user interface. In this way, the mode group can be monitored and controlled from the
PLC or NCK.

The following table represents all the mode group-specific interface signals.

| Signals from PLC to NCK
Mode group reset

Mode group stop axes plus spindles

Mode group stop

Mode change

Mode: JOG, MDA, AUTOM.

Single block: Type A, Type B

Machine function REF, REPOS, TEACH IN,

| Signals from NCK to PLC

Mode strobe: JOG, MDA, AUTOMATIC

Machine function strobe: REF, REPOS, TEACH IN
All channels (1 to 10, max.) in Reset state

Mode group Ready
Active mode: JOG, MDA, AUTOMATIC
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8.2 Mode group

Signals from NCK to PLC

Digitizing
Active machine function: REF, REPOS, TEACH IN
var. INC, 10000 INC ......... 1INC

Change in mode group

Machine data

Channel gaps

456

A configuration change of a mode group with respect to its assigned channels requires a
subsequent POWER ON.

The change is made using machine data:
MD10010 $MN_ASSIGN_CHAN_TO_MODE_GROUP.

Mode group numbers must be assigned contiguously starting with 1.

There is no mode group-specific machine data.

The channels to which a mode group is assigned with MD10010 are regarded as activated.

Instead of a mode group number, the number "0" can be assigned to channels. The result is
as follows:

® The non-activated channel does not take up memory space in the controller.

® Series machines with similar designs can be kept uniform during configuration. Only the
channels that can actually be used by the machine tool are activated (channels with
mode group number greater than 0).

Special case:
Channel 1 must always be available!

> If:

MD10010 $MN_ASSIGN_CHAN_TO_MODE_GROUP [0] =0

is specified, the controller automatically sets

MD10010 $MN_ASSIGN_CHAN_TO_MODE_GROUP [0] = 1 (mode group 1).

Example configurations:
MD10010 $MN_ASSIGN_CHAN_TO_MODE_GROUPI[0] = 1
MD10010 $MN_ASSIGN_CHAN_TO_MODE_GROUP[1] =2

MD10010 $MN_ASSIGN_CHAN_TO_MODE_GROUP[3] = 0 ; gap
MD10010 $MN_ASSIGN_CHAN_TO_MODE_GROUPIS8] = 1

MD10010 $MN_ASSIGN_CHAN_TO_MODE_GROUPI[9] = 2
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8.2 Mode group

8.2.1 Mode group stop

Function

The following NC/PLC interface signals are used to stop the traversing motions of the axes
or of the axes and spindles in all mode group channels and to interrupt part program
execution:

DB11 DBXO0.5 (mode group stop)
DB11 DBX0.6 (mode group stop, axes plus spindles)

8.2.2 Mode group reset

Function

A mode group Reset is requested via a mode group-specific NC/PLC interface signal:
DB11 DBXO0.7 = 1 (mode group reset)

Effect

Effect on the channels of mode group:

Part program preparation (preprocessing) is stopped.

All axes and spindles are decelerated to zero speed according to their acceleration
curves without contour violation.

Any auxiliary functions not yet output to the PLC are no longer output.

The preprocessing pointers are set to the interruption point, and the block pointers are set
to the beginning of the appropriate part programs.

All initial settings (e.g. the G functions) are set to the parameterized values.

All alarms with "Channel reset" criterion are canceled.

If all the channels of the mode group are in reset state, then:

Basic Functions

All alarms with "Mode group reset" cancel criterion are canceled.

The NC/PLC interface indicates completion of the mode group Reset and the mode
group's readiness to operate:

DB11 DBX6.7 (all channels in the reset state)
DB11 DBX6.3 = 1 (mode group ready)
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8.3

Unique mode

Modes

458

Mode types and mode type change

All channels of a mode group are always in the same mode:

AUTOMATIC
JOG
MDI

If individual channels are assigned to different mode groups, a channel switchover activates
the corresponding mode group. This allows mode changes to be initiated via a channel
switchover.

The following modes are available:

AUTOMATIC

Automatic execution of part programs:

— Part program test.

— All channels of the mode group can be active at the same time.
JOG in Automatic

JOG in AUTOMATIC is an extension of AUTOMATIC mode intended to simplify use. JOG
can be executed without leaving AUTOMATIC mode if boundary conditions so permit.

JOG

Manual traversing of axes via traversing keys of the machine control panel or via a
handwheel connected to the machine control panel:

— Channel-specific signals and interlocks are taken into account for motions executed by
means of an ASUB or via static synchronized actions.

— Couplings are taken into account.

— Every channel in the mode group can be active.

MDI

Manual Data Automatic (the blocks are entered via the user interface)

— Restricted execution of part programs and part program sections.

— Part program test.

— A maximum of one channel per mode group can be active (applies only to TEACH IN).

— Axes can only be traversed manually in subordinate machine functions such as JOG,
REPOS or TEACH IN.
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8.3 Mode types and mode type change

Applies to all modes

Cross-mode synchronized actions

Modal synchronized actions can be executed by means of IDS in all modes for the following
functions parallel to the channel:

® Command axis functions
® Spindle functions

® Technology cycles

Selection
The user can select the desired mode by means of softkeys on the user interface.

This selection (AUTOMATIC, MDI, or JOG) is forwarded to the PLC on the NC/PLC
interface, but is not activated:
DB11 DBX4.0, 0.1, 0.2 (strobe mode)

Activation and priorities
The mode of the mode group is activated via the NC/PLC interface:
DB11 DBX0.0, 0.1, 0.2 (mode)

If several modes are selected at the same time, the following priority applies:

Priority Mode Mode-group signal (NCK -~ PLC)
1st priority, high JOG DB11 DBX0.2
2nd priority, medium MDI DB11 DBXO0.1
3rd priority, low AUTOMATIC DB11 DBX0.0

Display
The current mode of the 